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PREFACE 



This report extends the previous analyses of the generic hig|i-perf ormance apaoeplane 
or "Space Cruiser" sponsored by OARPA under OARPA Orders 4097 and 4229, monitored 
respectively by the Defense Nixdear Agency and the Air Force ^Mce Oivisim (AFSO). 

This current work was performed under OARPA Order WU and monitored by Colonel 
3ames N. Allbum, USAF, Special Assistant for Advanced Fighter Technology, Tactical 
Technology Office. Lieutenant Colonel Oarryl W. Smith, Deputy for Space Systems, 
Directorate of New Concepts and Initiatives, Headquarters Air Force Systems Command 
was the Contracting Officer's Representative. 

DCS wishes to express its sincere appreciation to those who contributed to this 
Spaceplane Technology and Research (STAR) analysb by respondii^ to the survey 
concerning tasks for the Space Cruiser as a research vehicle. 

The contributions of Mr. Stuart T. Meredith in his analysis of the STAR survey and o£ 
Mr. Fredric A. Dunbar in costing are gratef ulfy acknowledged. 
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IJt INTROOUCnON 



This report presents the results of the analysb of the research and technology 
potential of a generic type of manned spaceplane as a military research vehicle. A 
specific spaceplane configMration, termed the Space Cruiser, is configured herein to be 
capable in the near-term of fuU-envelope dslunar (Earth^noon space), trmatmospheric, 
and endoatmospheric flight research. Figure 1 depicts the Space Cruiser In high wbit. 
The underlying question is: "Should the Space Cruiser be developed and used as a research 
vehldeT* The analysis addressed this fundamental question. 

The study assumed the criterion that a space-cuable research vehicle designed for 
an important but limited experimental scope, such as flight control and aerodynamics 
would not be justified. This criterion results in the requirement for the re^arch vehicle 
to serve a broad range of beneficiaries and to perform, and to carry payloads that 
perform, over as broad a scope of research and technology as possible. Beneficiaries 
would include the Department of Defense, aerospace industry, national laboratories, 
commercial Industry, insurers, and others. The scope of research and technology would 
Include man-in-space, space operations. Internal payloads, external paySeads, vchtadar 
subsystems, aerothermodynamics, materiab and others. Further, shai1i« the cost of 
space system development and operations Is rapidly becoming the economic and political 
standard, ft Is likely that If the Air Force were to sponsor such a research vehicle the 
cost-sharing would be far greater than existed durii« the predecessor X.15 manned 
research aircraft program. The primary emphasis during the configuration analysis 

portion of the study therefore was to configure the Space Cruiser, the oveiaU system, and 
hs operations to accomplish as many tasks or missions as possible. In this context the 

reader wlU find the term omnimission used throughout the report. To help identify and 
define such research and technology tasks and to evaluate the scope, utility and value of 
the Space Cruiser as a research vehicle a nationwide survey was conducted and is 
reported* ^ 

Tasks of a Spaceplane Technology and Research (STAR) flight p^o^m would apply to 
aU future manned space vehteles, the Space Shuttle, unmanned space vdiicles, space 
structures and transatmospherlc and hypersonic vehkles. Small, responsive, versatile, 
high-performance, and permitting an operational risk level more appropriate to tfie 
military than to NASA, the research vehicle would both complement and greatly extend 
the Space Shuttle capabiUties. Its smaU size and light weight assure that it need only 
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occupy a small portion of the volume and weiglit-carrying capability of the Shuttle's 
Orbiter and that its cost«to-orbit as a manned vehicle will be minimized* Its configura- 
tion also enables it to be launched by expendable launch vehicles such as the three-stage 
MX booster stadu 

In addition to the research and other technojpgy questions pertinent to hardware and 
performance associated with space vehicles, there are other apprcq)riate or vital questions 
whose answers are expected from the STAR re^arch flight test program. Paramount 
among these is the national question of the value of military man in space. The "hands- 
on" experience and evaluation of man in space in the small, ubiquitous spacepiane simild 
provide the answers required prior to major system acquisition of such maimed space 
vehicles and complement the answers being obtained from the Shuttle program for the 
large, logistic, and space station type vehicles. 

The Shuttie is now used as an operational ^fstem. Department of Defense ^ace 
biotechnology RftD has become a relatively low priority within NASA, inie ^r Poroe^ 
Aerospace Medical Division (AMD) has been taslced by several directives to eiqptore 
miUtary utility of man-in-space and exploit mart^ unique capabilities in efdiandiiv 
miUtary space systems. The resultant MiUtary Space Biotechnology R&D program wvws 
exploratory astd advanced development areas. Though the Air Force has been careful to 
coordinate its program closely with the NASA Life Sciences program in order to avoid 
reAmdancy, tapping into the NASA system has been ftaught with problems of coordina^ 
tion, differences in priorities and the fact that NASA has its own R&D programs to 
consider. It is believed that the DoD needs a vehicle which will provide a manned orbital 
platform for exploring man's military utility in orbit. Unless the DoD is given the tools, 
the job will not be done. AMD personnel, have stated (Appendix B) that the "l^ace Cruiser 
fills the biU."* 

The Defensive Technologies Study of the Strategic Defense Initiative (SDO identified 
research programs for ^ capability to service the space components and an ability to 
transfer items from one orbit to another.** The Space Cruiser system is designed for the 
highest payload-velocity product that technology will allow in a manned vehicle. It may 
fulfiU the SDI needs well. 

The rem begins in Section 2.0 with a summary in DARPA format of the work 
performed, its objectives, the problem addressed and the general methodology used in 
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performing the effort. Technical results, flndingSy special comments and implications for 
furtfier research complete the summary. 

The main body of the report begins in Section 3.0 with a brief presentation of the 
background of the Space Cruiser. The generic spacepiane was generated as the solution to 
military problems. The problems and needs are delineated and the resultant high 
performance spacepiane or Space Cruiser b presented. This vehicle was used as the input 
configuration to the study. 

Section 4.0 presents the results of the survey for research and technology tasks for 
the Space Cruiser. Example letter responses are contained in Appendix B. The analysis of 
the application of the Space Cruiser as a research vehicle begins in Section 5.0 with a 
discussion of the linkage of the configuration to the results of the survey and to other 
tasks considered during the study. The conceptual-design logic and the operational and 
design requirements that result are pre sen ted. The performance of the Space Cruiser as a 
vehicle and in the overall system configuration context with its launch vehicle options and 
external propulsion U presented quantitatively in Section 6.0. Section 7.0 examines the 
developmental and research planning options and makes recommendations. Space 
operations are presented from a functimal viewpoint, including an overall functional 
system block diagram. Cost estimates are discussed in Section 8.0. 

Conclusions and recommendations are presented in Section 9.0 and 10.0 respectively. 
References are provided in Appendix A. The survey letter with representative reqionses 
comprise Appendix B. An explanation of the principal changes to adapt the Tl^ ni*34D 
rocket engine for use on an air-launched launch vehicle presented in Section 6.0 is given in 
Appendix C. Definitions of abbreviations and acronyms are listed in Appendix D. 



2.0 SUMMARY 



U TASK0B3BCnveS 

The awenU task was to perfom a researdi and tedmolog/ plam^ 
woidd prochice a prelimliuiry program plan for the developim^ 
performance manned apaceplane or Space Cruiser as a mUitary research aircraft. 
The Space Cruiser was to be configured for the research appiicailon as deemed 
necessary relative to its prior configurations. Configuration changes would as an 
objective retain and facilitate the qvtion of its use as an operational military 
spaceplane. 

22 TECHNICAL PROBLEM 

There were two prlnc^ technical problems in the study. The first was to 
search for and evaluate potential research and technology tasks suitable for 
accompli^ment by the Space Cruiser as a research vehicle. The secehd problem 
was to determine the overaU system configuration and the per fd cmiiiice of tiw 
Space Cruiser as a total system. The corretetlon of the two prohtems provided the 
best measure avaUable of the justification of the reseaids vehleie 'and formed the 
basb for research vehicle program plannii^. 

23 GENERAL METHODOLOGY 

A survey letter was prepared that explained the basb of the request for 
information, described the Space Cruiser, provided a representative performance 
specification for the vchkde system end provided an optional response format. The 
letter was sent to industry, the military, national laboratories, etc The survey is 

discussed in Section The surv^ letter and a cross-aection of responses are 
provided in Appendix B. 

The logk: that results in the generic Space Cruiser configuration was 
developed. The principal motivation was to Atain the peattst degree of 
versatility and performance in as many tasks or missiora as possible. The kgic 
resulted in the operational and conceptual design requirements, which were then 
transformed into the specific configuration. Changes were made in the vehtole, 
relative to prior config^tions, which improved its performance dramatically. 
Launch vdUde options were examined and overaU system performance determined. 
The primary measure of per f orm an ce for evaluation or figure of merit was 
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determined to be the payload-veloeity product. The logic and deveiopment of 
system performance are presented in Sections 5.0 and 6.0 respectiveiy. 

Options for flight testing the research vehicle were considered and recom. 
mendations made. Finally, vehicular costs were estimated based on historical data 
with emphasis on the highly successful X-15 manned research aircraft. 

ZA TECHNICAL RESULTS 

Thirty-six responses were received to the survey letter with 60 distinct tasks 
or experiments. There was a surprising lade of dupUcation in the experiments 
recommended, which reflects the diversity of the needs of the respondents. 

The STAR manned Space Cruiser is estimated to have a maximum velocity of 
8,700 ips with internal propellants and no payload. The velocity with a 300 Ibm 
payload is 8,075 fps. Use of the wide-body Centaur as a propulsion module with a 
single RL-10 Oerivative-tlB engine wiU provide approximately 20,741 4>s to the 
SpM» Cruiser loaded with sufficient propellent to add 8,700 fps after staging the 
Centaur. Options fbr external carry or push of payload with/without external 
propellant or a propulsion moAile such as the Centaur malce the Cruiser a versatile^ 
high payload-velodty vehicle. It is capable of landing autonomously at austere, 
helicopter-suitable sites. 

2J IMPORTANT FINDINGS AND CONCLUSIONS 

The Space Cruiser to a high payload-velodty performance spacepiane capable 
of research and miUtary ta^ throughout ctohmar (Earth-moon) space. The survey 
brought forth a broad range of potential beneficiaries. The survey abo showed the 
broad scope and depth of research and technology taaics of value to those surv^ed. 
The high potential for a vahiable, research program to clear. The Space Cruiser 
can go to any orbit, has endurance, carries internal payloads, carries unlimited 
payload exteriiaUy, can maneuver synergisticaUy and lands with a flying parachute 
or Parafoil. 

The Aerospace Medical Division (AMD) has need of a space vehicle with the 
performance of the Space Cruiser for carrying out its mUitary man-in-spaoe 
responsibilities. The Space Cruiser will also meet Strategic Defense bUtiative 
needs for on-orbit capabiUty at aU altitudes for ballistic mlssUe defense system 
R&D and for subsequent operational tasics. 

The cost estimate for the manned Space Cruiser R&D Program to best 
compared to the manned X.15 Program. Actual cost of 27 X.15 flights In 196* was 
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about $2M (198«$) for each flight* This cost seems conservative for the Space 
Cruiser less launch vehicle cost, considering all available data and assuming a 
comparable number of flights. An accurate costing will not be fully estimable until 
the STAR Program is initiated and the return on investment from Internal and 
external ItftD payloads, repair of sateUitest a space rescue, and other space 
operations is calculated. 

SPECIAL OOMMENTS 

The limits on available funding resources, the advances in technologies 
required, the major system acquisition process and political constraints create 
problems for procurement in the near-term of the relatively large trans- 
atmospheric vehicles. Therefore, in this special context It seems particularly 
appropriate to suggest that the Air Force consider the procurement and operation 
of the Space Cruiser as a research vehicle. Demonstrated military man-in-spaoe 
capabiUties in the Space Cruiser would earn support of and help pave the way fdr 
the transatmospheric vehicle. 

MPUCAIIONS FOR PimTHQt RESEAft 

1. It is recommended that a major system manufacturer be funded to refine the 
Space Cruiser design and to determine more detaUed developmeht and 
operational schedules and costs for its use as a researdi vehicle^ 

2. The small size and weight of the Space Cruiser and the advantages of aircraft;, 
launch suggest that the air-launch concept described in Section 6.0 be 
developed in a concq>tual design study. The use of the final stage as an 
"infinitely reusable*' ^>ace station, or stage-station, would provide distributed 
space stations at low cost and should be an integral part of the analysis. 

3. The use of the Parafoil for aerodynamic plane-changing maneuvers at entry 
speeds has a dramatic potendal performance payoff. It is recommended that 
the feasibility and implications of this new concept be examined. 



3U> SPACEPLANE BACKGROUND 

3.1 MILITARY BASIS 

The high-performance spaceplane concept was originated in 1979 as the 
solution to a problem stated by the Office of the Deputy Director, Defense 
Research and Engineering, Strategic and Space Systems (now Strategic and Theater 
Nuclear Forces). The problem was to review and critique Shuttle payload plans, 
options and alternatives from a military conceptual viewpoint with emphasis upon 
payloads wift man in the loop or control. The purpose was to identify additional 
justifications for the military Shuttle. 

The idea of the generic spaceplane was generated and approved. Two 
spaceplane-specific tasks were then stated in the Work Statement to (1) Prove the 
need and value of the high performance manned miUtary spaceplane operating from 
the Space Shuttle and (2) Prove the need and value of the high performance mamed 
military spaceplane operating independent of the Space Shuttle. The work was 
performed under contract DNA001-80-C-0217 and cosponsored by OARPA Order 
No. 4097. 

The problems stated in the resulting analysis are summarized as follows: 
The non-military characteristic and severely Umited military capability o£ 
past, current, and proposed propelled spacecraft while the military need is 
substantial and increasing rapidly. Manned spacecraft programs and concepts have 
displayed predominantly non-military characteristics sudi as: 
o Space maneuverability which is limited severely 
o Payload-maneuverabiUty in space which is limited severely 
o Ihability to perform synergistic and other maneuvers in and out of the 

atmosphere 
o Substantially constrained mission profiles 
o Weather dependency of launch and recovery 
o Launch schedule inflexibility 

o VulnerabiUty of the launch faculties and the global ground support to direct 
attack 

o Dependence throughout their mission on extensive ground support monitoring, 

tracking, control and communications 
o Little or no space rescue capability 

o Dependence of orbital transfer vehicles on the Orbiter or future space station 
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These characteristics and capability Umitations contrast sharply with the 
autonomy, ilndbUity, maneuverability, re^onsiveness, survivability and cost- 
effectiveness re^iired of miUtary aerospace operations as the result of experience 
and established in official Air Force aerospace doctrine. Furthei-, the manned 
space vehicle programs and concepts have precipitated the commonly<4ieid 
perception that the economics, technology and safety of man in space wiU force 
the continuation of these non-miUtary characteristics Into tiie future. 

The National Command Authority and the Department of Defense rely heavUy 
on unmanned satellites as vital elements in command, control, communications, 
intelligence, surveillance, and warning. Unmanned satellites have additional 
problems relative to manned vehicles, such as inherent vulnerabiUty to anti- 
satellites, single-mission utility and inability to adapt or to think. The maimed 
spaceplane could complement the unmanned satellites by providing a quidc reaction 
cspabiUty for unforeseen contingindes and by servicing, protecting, supplementing 
or standing-in for sateUites. Balance and mutual support must be achieved 
between the manned and unmanned military space systems. 

The need was then stated and is summarized heret 

The need is to provide the miUtary man in space a highly cost-effective near- 
term vehicle qrstem with the required military diaracteristlcs and capabilities that 
will 1) protect the United States resources from threats in and from space; 2) 
conduct needed aerospace offensive and defensive operations to tne and protect 
the use of space by the United States and Its allies; 3) enhance the land, sea and air 
forced «) serve as a practical utility vehicle bi the su^Mrt of space assets and in 
the exploitation of space; and 5) support as many aspects of U.S. national poUcy as 
possible, including arms control. 

The specific vehicle need to for a truly miUtary vehicle that integrates weU 
with the Shuttle and other laundi vehicles where required and that eliminates or 
minimizes the need for other vehicles or upper stages. 

The solution presented was the high performance spaceplane concept, termed 
the Space Cruiser, which differs considerably from the other maraied and unmanned 
space vehicles Aat have been studied or proposed.* It differs in configuration, 

• This conclusion resulted from a search for a vehicle concept that might meet 
the requirements. For example, NASA has no plans to develcn sud) a vehicle. The 
statement remains valid. 



costf performancey ease and speed of deyelopmenty in launch and recovery 
flexibility and in its capability to meet the diaracteristics and capabilities 
established by military doctrine* 

The high performance spaceplane conceptual design was then studied and 
refined with industrial and laboratory support in the Spaceplane Examination study 
(Reference !)• The purpose of the Spaceplane Examination was stated as two*fold: 

1. To define and evaluate a small mandated space transportation vehicle for 
military space operations which is compatible with the Shuttle, expendable 
launch vehicles or air launching and is capable of earth return and parachute 
recovery* 

2. To investigate configuration changes necessary to accomplish selected "off* 
design** missions* 

3a PRE-STAR SPACEPLANE OESCRIPnON 

The Statement of Work for this STAR study requires that the Space Cruiser be 
configured for application as a military roMarch aircraft as deemed necessary and 
practical relative to its prior configurations* Consistent with this requirement, 
this Section begins with a description of the previous internal layout depicted in 
Figure 2, of the spaceplane resulting from the DARPA«-sponsored Spaceplane 
Examination (Reference 1), Contract No. F0«701-Sl*K«000l9 completed 30 July 
1982* The development of the design logic as completed in this STAR study is 
discussed in Section 5*0* Section 6*0 presents the configuration changes that 
resulted from the design logic and analysis of the applicatim of the spaceplane as & 
research vehicle* Then it presents the resultant performance. 

Figure 2 depicts the representative internal layout of the Space Cruiser based 
upon a conical reentry body shape* The geometrical shape of the airframe internal 
mold line is also conical, reflecting the conical shape of the reentry body* The 
conical reentry body shape studied and tested in a wind tunnel by Sandia Nation&l 
Laboratories for the spaceplane has small, extremely swept wings or "strakes" with 
elevens (not shown)* The nose section, containing the forward payload bay, ballast 
and power batteries, can extend forward while in space to expose tiie forward 
reaction control nozzles for firing. No nozzles are located in the thermal 
protection structure (TPS) with this approach* The nose can be removed and 
replaced while in an extended position* After full extension, the nose folds aft 
alongside and is snubbed or secured near the nosetip* After the nose is folded, an 
elephant stand or similar light weight structure can be attached to the forward 
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bulkhead or ring to attach external payloads. In this way the payioad is pushed by 
the space|»Ume and the maneuvering flight load force is the spaceplane thrust, 
independent of the weight of the payioad. The pUot is seated at the aft end in a 
seat or couch which can be raised until the pilot's head is outboard, similar to an 
open-cockpit aircraft. In the raised position tiie pilot can view the external 
payioad. Also, the pilot has unUmlted visiblUty and can view the internal, forward 
payioad bay contents when the top panel or door is open. 

An example airframe construction is advanced non-catalytic thermal tile over 
a composite non-metallic substructure. Connections for refueling are located in 
the aft end with the plug-duster engine (PCE), obviating penetration of the TPS. 
There are two payioad bays, one in the nose section and the other in the aft end 
witfiin the PCE thruster modules. This latter bay is called the "^lug.** 

Landing is by controllable lifting paradiute or "ParafoU" (References 2 and 3). 
After deployment of a deceleration drogue from the PCE plug volume prior to 
vehicle aerodynamic instabiUty, close to the trans-sonic region, the reefed, 
ParafoU flying parachute is deployed from near the vehicle^ center of gravity 
between the spherical propellant tanks. A redundant, identical ParafoU is located 
forward of the oxidizer tank. After d^loyment of the flying paradiute, the 
spaceplane assumes a horizontal attitude for fUght to the ground. A Hfting 
aerobrake is located in the aft payioad bay for aerobraking with otherwise 
excessive entry speed. The lifting aerobrake is reusable. 

A 195 lb, six-foot one-inch pilot or 9Jth percentUe man is assumed. An 8 psi 
Extravehicular Maneuvering Unit (EMU) or spacesuit, under development, is 
planned. This suit eliminates the requirement for pr^eathing pure oxygen before 
flight. Its portable life support back pack is detachable before launch and at 
landing. Extravehicular Activity (EVA) does not re<|uire an umbilical. FaU 
operational/faU safe design criteria are used for environmental and life support 
(Reference »). Pumped fluid coolants are used with coldplates for heat transfer 
from the heat source hardware such as avionics. A stacked evaporator is used for 
heat rejection. A helmet-mounted, internal virtual-image display is provided. 
Voice control of and through the computer is planned. 

An autonomous optical navigator supplementing and with accuracy similar to 
the Global Positioning Satellite (GF3) is planned. Ring-iaser gyro inertial plat- 
forms are used in the guidance and navigation system. Monopropellant-driven 
redundant auxiliary power units (APUs) are provided and integrated with the 
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rechargeable power battery. The aircraft is aU«electric« No hydrauUcs are 
permitted on board the ^>aceplafie« 

The PCE has 16 nozzles with Indepe n d e nt on-off control for overall thrust 
vector and thrust magnitude control, eliminating nozzle actuators and flexible 
lines. The propellant tanks are spherical for light weight and are centered roughly 
about the vehicle's center of gravity. The propellents selected are nitrogen 
tetroxide as the oxidizer and an Aerojet proprietary amine blend for fuel. The fuel 
is also used as a monopropellant in the APUs. The PCE nozzles are film-cooled for 
long life. Elastomeric bladders are used in the pressurized propellant tanks. The 
attitude control system has nozzles mounted forward at the nose fold and aft with 
the PCE to provide six-degree-of-freedom attitude and translation controL 
Momentum wheels are provided for fine attitude control. A mercury trim control 
system is included for reat-time center of gravity (CG) trim. CQ control is 
important for endoatmospheric stability. It is planned that outboard propellant 
tanks and payloads will be saddle-mounted to protect the TPS. 
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M RESEARCH SURVEY 



PURPOSE 

Jn order to define research and technology tasks as specified in laOt I of tfie 
contract, DCS Corporation cond u cte d a letter survey of appropriate aerospace 
industries and governmental organizations asking the letter recipients to Mentify 
specific research, technology and development tasks or experiments «Mdt they 
beUeved were suitable for accomplishment by the Space Cruiser in its role as a 
research vehicle. The industry recipients were selected to provide a broad cross 
section of industries ranging from component producers to major system 
manufacturers. The governmental recipients included research and technology 
organizations and laboratories in the Air Force, Navy, DoD and NASA. The 
purpose of the survey was to soUcit suggestions for tasks or experiments from a 
diverse spectrum of perspectives in order to define research and technology tasks 
suitable for accomplishment by the STAR vehicle^ 

SURVEY METHODS AND RESPONSES 

The letter solteiting suggestions for experiments was accompanied by attach- 
ments containing a description of the STAR vehicle and Its specifications, and 
guidelines for the format of the responses. A. copy of the tetter with attachments 
is included in Appendix B of thte report. A total of 126 requests were mailed. 
However, the number of agencies Or corporations contacted was lower because in 
some cases more tiian one department or division within an agency or corporation 
was contacted. 

IX:S received a total of 36 separate responses to the letter request. Of 
these, 23 organizations did not offer specific experiments for consideration, even 
though most expressed an interest in the concept and a few indicated they may 
submit recommendations at some time in the futwe. The remaining 13 responses 
contained suggestions for a total of 60 distinct tasks or experiments. Therewasa 
surpri^ lade of <fcipUcation bi the experiments recommended, which reflects the 
diversity of interests of the respondents. 

Although the DCS request asked for research and technology tasks suited to 
accomplishment by the Space Cruiser, the responses proposed a broader range of 
tasks. Of the 60 tasks recommended, one fourth of them (15 tasks) were 
considered to be operational applications for the Space Cruiser rather than 
research and technology experiments. AdditionaUy, of the 45 proposed tasks that 
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were research and teduioloor experiments, 35 tasks were experiments that couid 
be accomplished by the Space Cruiser and the remaining 10 were experiments that 
should be carried out as part of the development of the Space Cruiser itself. 

4u3 SURVEYRESULtS 

This section consists of a synopsis of each of the tasks or experiments 
proposed in response to the DCS survey. For clarity they are grouped Into the 
three basic categories: research tasks to be accomplished by the Space Cruiser; 
research tasks to be performed for the development of the Space Cruiser; and 
operational applications for the Space Cruiser. The tasks are also grouped within 
these three categories by the organization that submitted them. 

tmjwi Kcsedim Tasn lo oe nnornieo uf ne space uuner 
#^3bl«l Taflka submitted by LTV Acroipaoa aiKl Oafenaa Co ay a i iy 

Taflks Component tests for exoatmospheric Electromagpietically-Launched (EML) 

guided projectile 

Task D cjcfl pt l om Determine accuracy of space launched EML guided projectile 
meeting packaging and EMP/g-load hardening design criteria. 
Expected Results and Vahie: Validate EML guided projectile components designs 
for prototyping. This would be an extension of preliminary ground based 
demonstrator results. Will have applications to boost^fhase and mid-course 
ballistic missile intercept. 

Tasks Ablative behavior of Carbon/Carbon (C/C) nosetips and projectiles. 
Task Descriptiom Fire reentry nosetips from orbit to simulate desired trajectory. 
Determine the ablative behavior and its effect on trajectory for various C/C 
composite materials. 

Expected Results and Vahiet Will provide ability to select the optimum materials 
for various missiles ranging from ICBMs to railgun projectiles. Ablative behavior 
cannot be fully simulated from Earth; proof testing requires actual missile firings* 
Firing reentry bodies from the spaceplane would be less costly. 

Tasks Scramjet inlet and combustion phenomena. 

Task D eacfl p ti om Use externally mounted scale propulsion unit to determine the 
effects of rarefied gasdynamics at hypersonic speed on inlet ind combustion 
stability and performance of a supersonic combustion ramjet. . 
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Espeeted ReMlts and Values Will increase understandli^ of supersonic cumbus^ 
tion ramjet. Potential low weight propulsion for trans a tmos^heric (TAV) type 
vehicles. 

Tasks Navigation system validation. 

Ta* Descriptions Utilize special equipment to provide a brassboard demonstro^ 
tion of this Vought proprietary concept. Use multiple ground track velocity/ 
position determination or GPS if available. 

Expected Results and Values VaUdation of the position and velocity determlnat!on 
of the vehicle. Potential for improved long range navigation. 

^IJ2 Tasks sdknitted by UnhedTedinolQgieSyHM^^ 

Taskss Various luisks demonstrating EMU technology and EVA technology 
including satellite servicing. 

EMU Technology Tasks: 

1. Test quick reaction capability and subsequent effects on crewmember physi- 
ology. 

2. Test radiation protection equipment by placing experiment on Long Dwation 
Exposure Facility (LDEF) or free flyer which will be revisited every 90 days. 

3. Test effects of EMU venting on sensors/optics and test eftncts of EMU suit 
contamination dtse to hydrazine, etc Develop a method of cleaning suit 
whUe EVA. 

^. Test crewman capability to react to quick ccntingency situations while suited 
in the EMU. 

5. Conduct maintenance on the suit on-orbit. 

6. Test suit puncture procedures on-orbit. 

7. Conduct heads-up display esq^eriments. 

8. Conduct physiological tests were the EMU HAL system controls the life 
support system requirements as a function of crew metabolic load. 

9. Conduct EMU range/rate device. 
EVA Generic Technology Tasks: 

1. Test crewman restraint interfaces with satellites, sti u ct u res assembly, set- 
up/tear-down, etc 
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2. Document crewman translational capability and evaluate translation aids. 

3. Develop metholodology for module transfer. 

4. Use Space Cruiser as an orbital maneuvering system to retrieve item to 
stationary crewmember, the Space Cruiser being controlled via HAL. 

5. Conduct power-assisted end effector tests. 
EVA Satellite Servicing Tasfcst 

1. Repair/replace modules. Determine module design and logistics. 

2. Evaluate EVA as a secondary/cmnplementary mode of operations and 
infbienoe on satellite design. 

3. On-orbit refueling of fluids causing safety problems within Shuttle Cbi-props, 
cryogen^ 

*. Demonstr a te satellite subsystem removal and repair (conne ct or s , solar 
arrayst batteries, sensors). 

5. Human factors engineering tests under varous environments, work envelope 
determination, task sequencing tests. • 

6. Determine optimal man/machine mix. Test task level and task complexity by , 
interacting techniques which test the synergism of the man/machine system. 

7. Perform service on transfer type vehicies, remove/repair engines, avionks, 
• etc. 

S. Test space berthing tasks such as berthing pin location/design, structural 
support, dynamics and Interfaces. 

9. Conduct Orbital Replacement Unit (ORU) replacement tests to determine 

MTBF and reliability, optimal locations for mounting and worldng on ORU* 

10. Determine basic design oonsUerations such as component and oUe l^out, 

mounting techniques, hazards identification, accesslbUity, drew work stattai, 

lie Deploy Space Cruiser from Shuttle payload bay via the RMS* Test maneuver* 
ability and logistics associated vith payload by operations including Space 
Cruiser maintenance. 

12e Conduct general satellite servicing from the Space Cruiser* 

Eipect a g Resutis and Vahiei The TaAs as a whole would greatly expand 
knowledge of EMU technology and EVA technology and applications. The 
knowledge gained could lead to significantly eiteneed capability In all phases of 
maimed ^lace operations. 
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^13 TaskfliMttedbytheAIrPteceOffioeef Sc^^ 

Tasks LxMig term environmental durabmty of materiab in 
Task Descriptions Use the ^Mice Cruiser as a launcher or flying test bed for 
samples of candidate spacecraft structural material and conduct periodic 
monitoring or recovery of samples. 

Esqwcted Results and Values While this task could be done on the Shutttef the 
long duration exposure facility on the Shuttle has had more than a ten year lead 
time. Using the Space Cruiser could expedite the acquisition of knowledge about 
durability of new materials in space. 

Task siimdtted by the Oiarks Stark Draper Laboratory,!^ 

Tasks Investigate the density phenomena of the atmosphere in the aerobraking 

altitude band (240,000-300,000 feet). 

Task Descriptions Use the high lift space plane to traverse a path similar to that 
of an aerobraking Orbital Transfer Vehicle (OTV) in order to gather additional 
data on the consistency of the density of the atmosphere in the aerobraking band. 
Expected Results and Values Increased understanding of the density phenomena 
suf^ as magnitude, spatial correlation distance, and gradient of density variations. 
This could reduce the possibility of overdesigning an aerdbraldng vehicle because 
of lack of understanding of the density phenomma, and aid in the development of 
a low performance operational aerobraking OTV using either drag modulation or a 
tow L/D lifting brake. 

Task submitted by United lechfiotogiesyftatt ft WM 

Tasks Testing of the Centaur RLIO-IIB engine operation in a low gravity, vacuum 
environment. 

Task D escripti ons Use the Space Cruiser with an RLIO-IIB powered Centaur to 
provide information on the effects of very low gravity on engine start, and to 
accurately determine the thrust produced at the engine's lowest thrust level 
(Tank-Head Idle). 

Expected Results and Values This task would provide data on the operation of the 
RLlO-nB in a low gravity vacuum environment which cannot be duplicated on 
Earth. While this is an experiment to be conchtcted by the Space Cruiser, it is also 
for the Space Cruiser in that it would allow expanded operations if successfuL 
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«JL1^ Task 9iMtted by Air Force Aera^ace Medical 

Taflks Use of the Space Cruiser in supjport of a Military Space Biotechnology R&D 
program* 

Ta* Descriptiom The Aerospace Medical Division has bem tasked to explore the 
military utility of man in space and exploit man*s unique capabilities in enhancing 
military space systems. They have developed several human performance 
experiments which require an orbital platformt but have had difficulty in 
establishing priority in the Shuttle program. The Space Cruiser could be used as 
the orbital platform for the experiments. 

Expected Results and Values The several human performance experiments 
planned by the Aerospace Medical Division could be accomplished without 
interference with/from the Shuttle program. Accomplishmmt of the experiments 
could lead to an earlier understanding of man*s utility in space. 

•J.1.7 Task submitted by Headquarterst 6510th Test Wb^t Edwards APB 

Task: Use of Space Cruiser to examine one extreme of the reentry environment. 
TaA Descriptions There is need for further resevch in technology relating to 
hypersonic flight. Most of the areas of interest relate to entry configurations of 
low planform loading. Although the 6510th Test Wing did not suggest a specific 
taskt they admowledged reentries of the Space Cruiser could provide data for one 
extreme of the reentry environment. 

Expected Results and Vahies The Space Cruiser could provide da^ui that will assist 
in Air Force hypersonic research at one extreme of the reentry environment. 



4JL2 Research Tasks to be Performed for the Development of the Space Cruiser 
«JL2.1 Tadc submitted by LTV Aerospace and Defense Cdmpany 
Tasks STAR Configuration Changes 

Task Descriptions Validate the benefits of light weight strap-on wings for the 
Space Cruiser. Determine the altitude conditions for which extremely large 
strap-on wings are useful for maneuvers of the Space Cruiser. 
Expected Results and Values Obtain a better understanding of minimal energy 
maneuvers in rarefied atmosphere. There is the potential to expand the 
operational envelope of the Space Cruiser. 
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TadQ I^w cost guidance system evaluation fcr the Space Cniiser 
Tadc Descripliom Adapt the ultra-light weight low-cost Mark VI inertial 
reference system (developed by Aerojet TechSystems for NASA sounding rockets) 
to Space Cruiser guidance and control and untethered EVA. Applications could 
include space rescue. 

Expected Results and Values Potential for reduction in Space Cruiser guidance 
and control costs and weights by as much as 90% of the current state of the art 
values. Could make non-tethered EVA a practicality. Suitable for military 
applicatlonsy rescue missions and unmanned missions. 

Task: Aerobraking Investigation 

Tadc Descriptkm Adapt structurally efficient clam shell shields to the conical 
shape of the Space Cruiser to evaluate the concept for aero-assisted reentry and 
synergistic plane and orbit altitude changes. 

Expected Results «d Values Provides multi-purpose addition to Space Cruiser by 
functioning as a meteor shieldy an aeromaneuvering surf ads and a heat shield 
during aeromaneuvering. Will provide an emergency de-orbit and orbit change 
capabiUty, and broader mission envelope Umits for the Space Cruiser. 

Tasks Plug cluster engine for primary ^>ace Cruiser propulsion. 
Task Dcscr lp t fa ns The experiment involves (i) the. application of scarfed nozzles 
on the sixteen 188 Ibf rocket engines which are arrayed around the plug, and (2) 
on-line feed pump capability for two to four of the normally pressure fed 188 ibf 
engines from externally mounted, conf ormal propellant tanks. 
Expected Results and Values Will provide a flexible, short length, high- 
performance and low cost rocket engine for the Space Cruiser and a wide range of 
Air Force missions. Will also provide low flow rate pump technology for possible 
use in space platf orm. Space Shuttle, orbit thrusters, tactical missiles as well as 
the Space Cruiser. 

^Jia3 TadositaiittedbyAeRO 

Tasks Spaceplane^Parafoil recovery demonstration 

TaA Descriptions A spaceplane-Paraf oil would be constructed and dropped from 
an aircraft in the atmosphere to demonstrate gliding performance, controllability, 
low rate of sink, and a flare maneuver to a landing. 
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Es^ee:^ Results V«l!9ss SiaocessM ds??tons:ratiGn oi ti^ spac^jfifiHe Piirmfoil 
is essential to the viability of the Space Cruiser Pteafoil«»landing concepu 

Tasks Spaceplane-Paraf oil space maneuvering and reentry analysis. 
Task Dciflptfani This task consists of computer simulation and analysb of 
spaceplane maneuvering in space and during reentry utilizing the Paraf oil« 
Esqwcted Results and Values This task is necessary preparation for the actual 
testing of reentry and upper-atmosphere maneuvering with the Parafoil. 

Tasks Spaceplane-Paraf oil wind tunnel tests. 

Task D escripti ons Wind tunnel tests of the spaceplane-Parafoil will be conducted 
at subsonic and supersonic speeds In order to optimize design and stability 
coefficients for space maneuvering, reentry, atmospheric gliding flight and flare 
landing. 

Expected Results and Values This task is also a necessary preparation for the 
actual testing of the Paraf oil at entry speeds. 

Tasks Space Shuttle spaceplane*Paraf oil flight tests. 

Tadc Descriptions A model of the Space Cruiser will be launched from the Space 
Shuttle. The model will have an onJmird guidance and control system to deploy 
the Parafoil in space, maneuver in space, reenter and fly in the atmosphere to a 
landing. Air-snatch of the spacepiane-Paraf oil will also be demonstrated. 
Expected Results and Values This task could be used as the final test before 
actual deployment of either a manned or unmanned Space Cruiser. 

«3.2.* Task sdmiitted by the AVOO Corporation 

Tasks Develop material systems for structural and thermal protection of the 
Space Cruiser. 

Task Descriptkm Successful development of the Space Cruiser will require 
material system for thermal protection/structural use that are available, proven 
and affordable. AVCO propose s a detailed design study to define the limits of the 
Space Cruiser structural/thermal requirements and how current materlab can be 
improved or new materials developed. 

Ex pected Results and Values This task is necessary for the growth development of 
the Space Cruiser. Materlab developed for the Space Cruiser would also be Ufcdy 
to have applications for other space systems. 
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4»3»2i5 Tvk jubmittod by Hortoii Tfiiokolf Wuftlch DMrion 

Ta*s Evaluation of booster for n4>id latiiKh of the Space Cniiser^ 

Ta* DeMripHom lite Moi^ Thiokol response suggested t^^ 

include an evaluation of boos te r s for rapid launch of the Space Cruiser and also an 

evaluation of propulsion requirements for payloads or weapons which nuiy be 

launched from the Space Cruiser. 

Bipected RmuHs and Vlatat Evaluation of boosters for launch of the Space 
Cruiser is fundamental to its development. It is apparent in the following section 
of this report that describes operational applications for the Space Cruiser that a 
rapid launch capability and the ability launch to various orbits will greats 
enhance the versatility of the Space Cruiser. 

«JJ Operational Applications for the Space Gniber 
43^1 Tasks «teiitted by Emmon Electric Company* 
Tasksi Various operational missions. 

Task Deicripckm Emerson sid>mitted five tasks for operational missions that 
could be performed by the Space Cruisen 

1. Space Junk collection. 

2. Non-cooperating vehicle docking system. 

3. Quick response, low orbit tactical reconnaissance system for real-time 
reporting of Photo Intelligence (PHOTINT), Electronic Ihtelllgenoe (EUNIX 
Ferry an automatic test system for int e rco nn ec t ion with designated satelBte 
systems for routine and emergency maintenance. 

5. Use as a manned battle station to fly cover for high priority vehicles^ 

destroying anti-satellite systems. 
Expected Results and Values These suggested operational applications illustrate 
the flexibility and utility offered by smaU, relatively simple, manned space|riane 
system. An unmanned or very complex system could not offer similar quidc 
reaction versatility. 

«JL3.2 TateSiteltledbyBaUtAmpaoeSiyile^ 

Tasktt Various reconnaissance related missions. 

Task Oeacrfptfom BaU Aerospace Division proposed four operational missions that 
relate to reconnaissance either directly or indirectly. The tasks proposed ares 



U Inspection of satellites lor the presence of nuclear materials by thermal 
imaging* 

2. Inspection of satellites for the p re se n ce of nuclear materials by x-ray and low 
energy gamma ray imaging. 

3. Observations of bow shodc radiative emissions* 

In-orbit replenishment of inoperative satellites, specifically, superfluid 
helium cryogen replenishment of the Infrared Astronomical Satellite* 
EaqMted RieMlli and VUues These tasks or missions again illustrate the 
versatility of a manned system that is capable of being placed into any orbit(s)* 
The first two could be used to verify treaties and agreements on utilization of 
space. The tfiird task could provide valuable data for ballistic missile defense* 
The last task is one that could provide an inexpensive method of re-activating the 
Infrared Astronomical Satellite (IRAS) in order to conduct more survey work* The 
new scientific data that has already been <ri)tained from the IRAS provides ample 
justification to continue that type of survey, but the same concept can be applied 
to replenish or re-actlvate a variety of satellites that have become inoperative 
for various reasons* 

TaAsSiMttodbyCilUorntei^^ 

Taalw Various reconnaissance of satellites tasks* 

Taric Ikicriptiom California Microwave propose d six tasks which most of which 
relate to observations of satellites from close range to obtain various types of 
information* The specif ic tasks ares 

1* Approach a satellite and monitor emissions for technical ELINT purposes* 
2* Approach a satellite and monitor emissions for intelligence information* 
3* Approach a satellite and obtain detailed photographs and spectrometer scans* 
4* Monitor ground emissions for technical ELINT using maneuverability to 

access areas when not e xp e ct ed* 
5* Utilize maneuverability to d eterm in e operational capabilities of space 

sensors and defense doctrine* 
6* Maneuver about a satellite and make power, pattern and polarization 

measurements* 

Expected Results and Values These operational applications illustrate that even 
with a small payload capability a man-ln-ihe loop system has many ponibliities. 
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particularly in observation appUcations with various sensors. ManeuverabiUty and 
the ability to be inserted into the orbits of various satellites enables the 
spaceplane to accomplish th^e types of missions. 

CONCLUSIONS 

The variety of tasks or experiments suggested by the survey respondents is 
indicative of the potential versatiUty of a Space Cruiser research vehicle. 
Although some of the proposed tasks could be conducted using the Space Shuttle, 
the Space Cruiser would appear to offer distinct advantages over the Space 
Shuttle because of probable lower costs and greater flexibility. Some of the 
proposed tasks cannot be accomplished using the Shuttle. The Space Cruiser 
offers a unlqtw opportunity to conduct research and technology experiments that 
are not possible now. For these reasons, plus the fact that there will always be a 
heavy demand for Shuttle services for a variety of projects, the Space Cruiser 
should be considered as a valuable complementary system t3 the Shuttle. 

It is apparent that tiiough the basic concept of the Space Cruiser is that of a 
vehicle to conduct research and technology experiments, the Space Cruiser is also 
an experiment in itself and its dev«l^ment diould enhance our knowledge of 
space and transatmospheric operations In general. Hie development and employ- 
ment plan for the Space Cruiser should accord the highest priority to those R&O 
projects proposed for the specific development of tfie Space Cruiser. The pl\j% 
cluster engine project proposed by Aerojet and the Paraf oU projects proposed by 
AERO are obvious examples. 

The number of proposed operational applications suggested by survey respon- 
dents suggests that tiwre will be a natural evolution of the Space Cruiser from a 
research vehicle into an operational vehicle with numerous military applications. 
In fact, the distinction between some technology experiments and miUtary 
applications may not be ea^y dlsoemable. 

The list of tasks or experiments contained in thb section should not be 
con^dered exhaustive. Furthermore, it is lifcety that as knowled^ Is acquired of 
the Space Cruisers* capabiUties during its development and taUtial operations, 
experiments wiU beget additional experiments. The tasks listed herein ahouU be 
considered only as represe n t a tive. 

The survey letter and rep r esen t a tive replies are contained with the letter in 
Appendix Be 
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SJH STAR SYSTEM DESKW LOGIC AfORBQCIIREIIEm 



5.1 CONiVajRATiONUNKAGE TO SURVEY RESULn 

The number and diversity of the tasks presented bf the survey supports the 
need for the research vehicle. It was not possible to do a benefit or value analysis 
on a quantitative basis with the information received, ftowevery it seems accurate 
to state that the criteria of serving a substantial number of beneficiaries and of 
performing research with numerous sid>jects and technologies would be met. Ih 
addition to those of the survey other tasics became evident. For example, the 
statements of critical technology, 5-10 year research programs, by the Strategic 
Defense Initiative Defensive Technology Study that are pertinent specif ^ally to 
Space Cruiser capabilities are 1) the capability to service the space components 
and 2) an ability to transfer items from one orbit to another, including geosyn- 
chronous orbit (Reference 5). 

Other examples of tasics beyond those listed separately in the survey are in the 
following compilation which summarizes the potential support which the STAR 
program could provide other type vehidess 

Space Shuttle: 

o The Space Cruiser would extend the manned vehicular reach of the Orbiter 
throughout cislunar space and into the atmosphere for research and other 
tasks. 

o Hlghernrisk tasks can be done 

o Centaur-Cruiser-Orbiter cryogenic vehicle operations 

o Military research can be done with the Cruiser launched and/or supported by 

the Orbiter 
o R es c ue research 

o Orbiter/manned-vehide integration/operations 
o Multiple Space Cruiser operations 

Future manned space vehicles 

o Man-in-space for servicing, maintenance, repair, updating, inspecting, recov- 
ering and maneuvering of satellites 
o Human factors/safety 

o Vehicular subsystems such as Environmental Control and Life Siq)port System 
(EC/LSS), propulsion, power, ... 
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o operational research such as navi^tion, avionics, spacemarahipi buddy opera- 
tionSfM* 

o Research on/with payioads, internal ft external 

o Environmental phenomena 

o Controto/displays/voice control 

o Software 

o Endoatmospheric/transatmospheric flight and operations 

o Rescue 

o Aerobraking systems and related atmospheric environment phenomena 

o Materials 

o Radomes/antennas 

o Recovery 

o Space station operations 

Future unmanned space vehicles 

o Aerobraking 

o Vehicular subsystems 

o Software 

o Recovery 

o Phenomenology such as radiation hardnesst propagation blackout^- 
o Unmanned-vehicle spacemanship 
o Remote control 
o Robotics 

Future transatmospheric vehicles 

(See above for research areas for the Space Shuttle and the numned vehicles) 

Hypersonic vehicles 
o Vehicle sidisystems 
o Human factors 
o Materials/structure 

The potential tasks for the Space Cruiser as a research vehicle require full- 
envelope performance. That ISf the vehicle must be capable of operating in the 
upper atmosphere as an endoatmosph^lc veMde, as a transatmospheric vehiclet 
and as a cislunar vehicle* The spaceplane must go where the »teUites are. This 
means it must be capable of resear ch and technology tasks at least as high v the 



geosynchronous satellites. The EVA snd EMU tasks oi ^IJ2 and the SDI support 
tasks exemplify operation at up to g eo s yn chr onous attitude. While not discussed 
fully in this report, the Space Cruiser in comhbiation with the CentaurCs) and 
launched by the Shuttle fulfill tiie growing interest for returning to the moon. 
Most satellites are located at low to medium attitudes, below 900 nmi and are 
reachable easily by the Space Cruiser. 

The Space Cruiser example used as the input or reference vehicle in this study 
is limited to approsdmately 2650 fps with no payload and using only propellant from 
its internal spherical tanks. The addition of propellant to its two payload bays 
would Increase its achievable delta velocity to approximately 3700 fps. These are 
modest velocity levels with respect to orbital maneuvering. For example, it takes 
approximately 1500 fps for a roundtrip from a 100 nmi orbit to a 300 nmi orbit. A 
return from geosynchronous orbit requires 4700 fps to (000 ipSf depending on 
whether a 28.5 deg plane change is accomplished. ^ These examples demonstrate 
that there is a real need to improve the payload^velocity product of the Space 
Cruiser. To the extent possible, the required added propellant should be contained 
within the vehicle because the Cruiser cannot enter the at m osphere to perform a 
plane change or other maneuver while carrying appendages such as propellant 
tanks. The vehicle must be tdean** for entry. We shall now develop the design 
logic to both explain and to improve substantially the performance of the Space 
Cruiser while minimizing the resultant changes to the input configuration of 
Figure 2. 

5a STAR CONCEPTUAL-DESIGN LOGIC 

This section explains the design logic that results in the general configuration and 
conceptual design of the Space Cruiser for the research application. It is 
recognized that the development of the Space Cruiser by a major system 
manufacturer would result in numerous tradeoffs and refinements. However, as a 
consequence of the reasoning presented herein it is believed that the differences in 
configuration and performance between what is presented and the evolved aircraft 
will be more minor than major. 

The general shape of the Space Cruiser is based on the slender right-circular 
or elliptical cone. The shape, length, weight and the performance of the vehicle 
derive logically from the constraints of: energy management, atmospheric entry, 
aerothermodynamics, F » ma, the strong gravitational field, rocket propulsion, 
launch vehicles, high cost^to-orbit and cislunar operation. While designing within 
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these constraints there is ample room for ingenuity and for maximizing operational 
flexibility, responsiveness, safety, readiness and autonomy. This section is 
provided to clarify and substantiate the conceptual configuration and design 
approadi of the Space Cruiser for STAR operations. The Space Cruiser will be 
used as a research spaceplane while retaining fully the option for its use as an 
operational military spaceplane. 

The logic of the conceptual design derived from the need for omnlmissionality: 
the capability to perform well in many roles, uses and functions. The word 
omnlmissionality is used to distinguish bet we en the Space Cruiser's mission 
capabilities and the term "multi-mission capability* normally used in reference to 
aircraft. The means for obtaining omnimission per fo r m ance will be explained and 
in effect, be presented as a road map to this result. Following the discussion of 
omnlmissionality the resulting overall operational requirements will be presented. 
The operational requirements are then focused to c once ptu al design requirements. 
The operational and design requirements are placed on a relative basis and then 
transformed into the resultant STAR Space Cruisv configuration example. Its 
performance is then quantified and pr ese n ted in various ways as the basis for 
discussion of system development and operations, the topic of Section 7.0. 
5«2.1 Omnimission Motivations 

A principal motivation for incorporating the performance, flexibility and other 
characteristics which result in the capability to adapt well to a wide variety of 
uses or ^'missions'* in space and the upper atmosphere is the uncertainty inherent in 
research future-missions prediction. The Space Cruiser's operational capabilities 
with a large payload-velodty product throughout cisiunar space are predictable. It 
can go "where the action is", that Is, where the satellites are or can be. It can 
operate manned and unmair- .d. Although many types of misdons in space are 
generally predictable by analogy with our aircraft, naval, and space experience 
across the wide spectrum of research, military, scientific and commercial applica^ 
tions and operations, each category of the spectrum is expanding into space 
rapidly, perhaps nnentially. It Is not possible to predict with confidence all the 
future resear : ./:z.)ions and uses. 

The result is a strong motivation to design the spaceplane for the widest 
possible application. Indeed, it is anadironistic to build a research vehicle to 
provide data for a limited field, such as aerodynamics or flight control, at least in 
the context of spaceplane technology and research. The relatively high costs of 
space operations require that there be as many research beneficiaries as possible. 
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to obtain the cost-effectiveness and benefits that wiU justify STAR clearly to the 
Congress, the Department of Defense, the scientific community and the public. 

Correlated with the omni^mission requirement Is the motivation to avoid a 
plethora of vehicle types* Every effort should be made to minimize the number of 
types of vehicles and to do so in such a way that the resulting vehicles can operate 
as synergistically as possible. For example, the upper stage(s) should double as 
propulsion modules for the Space Cruiser and the Cruiser should retrieve spent 
upper stages for reuse* 

Space yields the unique opportunity to provide true multi-missionality in the 
Space Cruiser. We will expand this point* This is in contrast to the well«known 
difficulties facing multi*missionality of aircraft in the atmosphere* 
%Z2 Omnimission Means 

Principal means or routes for obtaining omnimissionality include: 

o Taking full advantage of the space environment 

o Strong emphasb on energy management in design* configuration and 

operations 
o Exploiting launch vehicle options 
o E^viding recovery options 
o System moduleurity 

o Minimizing costs as part of and as a result of the above omnimissionality 
means* 

Let us expand this road map to omnimissionality by further consideration of each 
of the listed means. 

5i2*2*l Space Bivironment The n.ost significant implication of space to omni- 
missionality is its being a vacuum. The resultant, drag-free operation allows great 
freedom in vehicular design and configuration* External carry of payloads, 
propellant, propulsion modules (i.e* with rodcet motor), life-sr<|iport consumables 
and equipment, and other support equipment and sidecars for passengers and 
equipment exemplifies modular configuration flexibility that results in adaptability 
to the missions iii terms of configuration and performance* Configure for 
adaptabililty to what Is needed when it is needed rather than penalize missions by 
specifically designing and configuring the v^de for a single mission* 

The zero drag environment combined with the 2i«sence of aerodynamic 
perturbation forces facilitate rendezvous, doddng and caching* Rendezvous, 
dodcing and caching permit configuration changes white on orbit for efficiency, 
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performance, and safety in accomplishing or changine missions. Zero drag also 
facilitates extravehicular activity throughout the space mistion. 

Each of the above zero drag implications contributes to what can be called 
buddy operations. Rendezvous and docking for reftieling and transfer of payload, 
crew, or equipment between two Space Cruisers is a buddy operation. For 
example, two Cruisers could each inject into the same transfer orbit. One Cruiser 
carries the payioad and therefore consumes more propellants. After the injection 
bum is complete, Ae Cruiser with the payioad is refueled by die other in a buddy 
operation and wUl arrive at its apogee with fuU tanks. This procedure is analogous 
. to upper-staging in terms of performance but no stage is used or expended and no 
space debris results. 

Unlike airspeed, "spacespeed" is a function of the orbit, the destination and 
the time available to get there, rather than being a principal function of the shape, 
size and power of the vdiide. Space is the great leveler or normalizer. The large 
and the small perform the same velocity profile In the same orbit. The drag-free, 
free-fall space environment results in flight endurance, flight distances and low 
propellant consumption-per-mile totally beyond meaningM comparison with 
atmospheric vehicles. Omnimission vehicular capabilities derive from these time 
and distance free-variables. 

A final observation in this discussion of the role of ^»ce environment in 
obt^ning a hlg^ degree of omnimissionality in an appropriately configured Space 
Cruiser is the infinite llne-of-^t distance available when not occluded by the 
Earth, moon or sun. The fuU benefits of line-of-si^t and transparency are 
available to the small vehicle in its missions. 
? i?t?t^ Energy Manag e ment What is needed is the smallest practicable manned 
vehicle so that it presents the minimum weight and volume to whatever the launch 
vehicle (LV) may be. Launch energy and costs arc so large on a per-pound and 
per-dimension basis that the tradeoffs greatly favor smallness. The point could be 
made that titere reaUy is no tradeoff. Make the vehicle smaU and add modules and 
propellants as required. 

Minimizing the weight and volume presented by the spaceplane to its LV 
equates to maximizing tiie payioad capacity of tiie spaceplane, its adUevaL^le mass- 
ratio and payload-velocity product and the weight and volume available for other 
payloads on the LV. Up to perhaps four fully fueled or eight oartially fueled Space 
Cruisers can be carried in the Shuttle Orbiter^ cargo bay. The performance of 
modest size expendable launch vehicles (ELV) such *: the MX booster is partic- 



30 



ularty a«idtiv« to the minimization of the spaceplwie. The advwmges of ELVH in 
terms of reapomiveness, readiness, availability and potentially, cost arfiie fdr «ny 
vehicle that exploits the use of titt' devdoping set of ELV^ Ihe coordinated 
launch of one or more addltlonal ELV^ to piaoe'payieid or prapellant in place for 
pidaip by the speoeplane can obviate the need lor a largsr LV from that which 
•wnches the spaeeplane. Thus parallel or cbordbwtcd launch of two or more 
^aceplanes can be done with ELVh for flexibility and responsiveness. 

A special case of ELV or partiaUy reusable LV to the aitbome launch vehicle 
(ALV). The performance benefits to the ALV-aircraft system from spacepiane 
smallness are even greater than those realized by the ground-launched LV. One 
principal result of spacepiane smallness to the cnablb^ of «dstii« aircraft such as 
the 7«7-200P to be used as Ae launch aircraft. Studies sudi as the Transat- 
mospheric Vehicle (TAV) Concept Development and Evahation, sponsored by the 
USAP Aeronautical Systems Division (A9» have identified substantial operational 
advantages of aircraft launch for the miUtary. Advant^es bieiude flexibttlty In 
basing, launch area and In launch azimuth. Additional a dv an t ag e s obtain for the 
research spacepiane. An alrcraft-ALV-spaceplane system concept is pre sen ted in 
Section 6.3 that may prove to be the most cost-effective Space Cruiser operational 
launch method for the forseeable future. 

Most of tfie TAV conceptual designs have sufficient cargo bay and weight 
lifting capahilhy to carry a spacepiane designed for minimum weight and volume to 
even low polar orbit. The smaller the spacepiane the better the performance of 
the TAVospaoeplane qrstem. The spacepiane complements the TAV in effectively 
extending its the reach Into dslunar space. The TAV serves as a launch vehicle, a 
logiftical support vehicle between the earth and the spacepiane on-orbit, and can 
join A burldy o|:cratlons. For example the TAV could provide on-orbIt command 
and control. The TAV could precede the spaceplaiw over a geographic area or 
space volume of interest and call In and vector tite spacepiane (or vice versa). 

Another energy management technique of great value to the use of aen^aking 
to decreas e the spacepiane velocity and heating when traversing the upper 
atmosphere. The reusable aerobrake to especially valuable to the cislunar 
spacepiane with entry maneuvers from high orbits and from geosynchronous 
altitudes and beyond. 

The high delta-velocity and propellent consumption required to perform a 
siibstantial plane change In tow earth orbit can be reduced greatly 1^ usli^ 
aerodynamic lift in performing the plane change. Thto to the synergistic plane 
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change. Propellam te only required to proviiie the retro 

up the velocity loss dm to drag and gravity and to inject and insert the spaoeplane 
into the final orbit. Vehicles with lift-to-drag ratios of U or more can benefit 
substantially from the synergistic plane change as part of their energy management 
for obtaining omnimissionality. 

Launch Vehicle Options The larg^ differences in launch vehicles in use or 
available in the future are in part the results of differences In missions for which 
they were designed, differences in payloads, orbits, modularity, reusability, etc 
The stable of LYs will continue to grow. Example LVs with sufficient capability 
for potential launch of the small spaceplane are: 
Shuttle 

Shuttle-derived launch vehicles 

MX Peacekeeper ICBM booster stack 

Future Transatmospheric Vehicles (TAVs) 

Future Low«Earth-Orbit (LEO) logistics vdUcles 

Air-launched LVs 

Commercial ground-launched LVs 

Ariane 

The key point is that one of the principal means for achieving omnimissionality 
with the small spaceplane is for it to be compatible with as many LVs as possible. 
The LV can then be selected to match the mission requirements, enabling the 
spaceplane to fulfill the mission needs in the best manner in terms of launch cost, 
payload, post-launch delta-velocity available, and so forth. The smaller and 
lighter the spaceplane the better, for mission flexibility with any LV. 

System Modularity An important means of increasing the adaptability of the 
spaceplane to missions is to use system modularity. The following are configura- 
tion examples that represent the modular approach to increase the number of types 
of tasks and missions that can be accomplished with the small spaceplane. 
External carry The carrying of equipment, payload and consumables externally as 
in contradistinction to the internal bay. In general, the larger the internal bay the 
heavier the vehicle. External carry increases system performance and versatility. 
Internal layout Flexibility in the packaging and relocation of internal subsyst em s. 
For example, the option of removing internal propellant tanks while using external 
tanks would substantially increase the internal volume available for mission needs, 
including the option of carrying a second crew member. 
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ftopiiWon moduleCi} The addition of a propulsion iMdule adipts the ip^^ 
provide a large increase in the payload-velocity product. Han-ratb^ available 
upper stages, lease-craftt OrUtal Maneuvering Vehicle sfslems (OIIV) etc as 
propulsion modules for the spaoeplane could increase mission lle^ Deletion 
of avionics and attitude control equ^^ment from the modules would result in lower 
cost and simplicity relative to the fuUy equipped propulsion system. The 
8paceplane*s inherent capability in these subsystem, areas nmf prove sufficient to 
include control of the module. 

Buddy operatiDn The previously discussed buddy type operations can be considered 
modular configurations, adapting the spaceplane to more missions and increasing 
performance without the development or purchase of new equipment, requiring a 
larger LV, etc 

Launch vehicle options The previously discussed LV options can be considered as 
modular configuration elements enhancing omnimissionality and perfbnhanoe - 
matching the mission and payload. 

Stasestatiom The distributed stag» station concept is designed to provide over 
period of time as many small space stations as possible for the tewest cost. The 
stage stations would serve as sanctuaries, logistic stations, navigatifln light ships, 
rendezvous points, relaxation and repair centers, etc. The concept is to design the 
final stage of the LV to serve as a space station after its launch function is 
complete. Because the stage stations would be inserted and left in or near the 
orbits in which payloads and spaceplanes were inserted, they tend to be where the 
traffic is, where they would be within reach. Their on-orbit availabili^ increases 
as their number increases. Launched on an otherwise expendriile LV, they tend to 
malce the ELV in a sense^ risusabie indefinitely. Their low cost results from the 
relatively smaU cost of the capabiUty when designed into the stage from the 
outset. An ALV sl<etch with a stage station as the final stage is shown in Section 
6.3 and discussed in the context of spaceplane operations in Section A key 
feature of the stage stations concept is that they form a "distracted" space station 
with linkages such as communications and would be synergistic with the one. or two 
large space stations planned currently. The ALV example of a stage station depicts 
a ten foot diameter final stage that has two rooms, one the empty hydrogen tank, 
and the other the empty li^d oxygen tank. Ten foot diameter looms large to the 
spaceplane pitot. Hundreds to thousands of pounds of supplies »d equipment could 
be available on the stage sution. Similar services could be achieved with the 
NASA space station. Spaceplane refueling at the large space station would be very 
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cost effective* Changing crewt payloads, etc* would faciUtate greatly the 
on-orbit accomplishment and chaining of missions. Future TAV and logistics 
vdiicies could provide support of the spaceplane and/or its payload and crew. In 
each case, the smaller the spaceplane the easier it becomes to support. 
5.2^ Recovery Options An important means toward omnimissionaUty is the pro- 
vision for recovoy options. The spaceplane should be inherently capable of truly 
autonomous self recovery. It should be capable of landing safely at austere dtesy 
unprepared sites, **helicopter-compatible" sites. It should be capable of reaching 
and being stowed in as small a volume as possible in the Space Shuttle Orbiter for 
recovery or refurbishment. The Orbiter could recover the spaceplane*s crew, 
payloads, propulsion module, sidecars, etc. 
5.2.2.6 Minimum Cost In addition to the capability to perform a multiplicity of 
missions with the spaceplane, the cost of performing the missions must be 
sufficiently low to warrant the spaceplane for their accomplishment. Thb is not to 
state that each must be dorio at less cost than by other possible means, but to make 
the point that on the average the cost must be less. A central point here is that 
the spaceplane may enable the obviatlon of the development and procurement of 
v^des and propulsion systems capable of fewer uses and missions. 

Each of the means toward omninilssionaiity which have been stated has its own 
implications for minimizing costs as well, by contributing to the number of options 
from which the mistion configuration can be selected with criteria including 
individual option cost, relative costs and cost-effectiveness. A Icey point is that 
the flexible, high-performance spaceplane will result in cases where its payload- 
velocity and other performance will enable a combination of taslcs or missions per 
fli^t, thereby reducing the cost per task by sharing. 

Let us consider a brief summary of trends toward the high retum-on-invest- 
ment of omnimisslonality. The intent to to clarify that the means also imply the 
reduction of mission cost. Selection of only the spaceplane "modules^ required to 
accomplish the tasks and the avoidance thereby of costly capabiUty-overidU for 
less than full-capability missions is a result. In partial summation: 

o The smaller the spaceplane the larger its payload-vclocity after launch by 
the LV; the less the launch cost; the less the resuppiy cost of spaceplanes 
and their support on orbit; and the more LV types are available, 
o Autonomous recovery and capability of landing at unprepared sites should 
result in reduction of recovery cost by orders of magnitude. Thto could be 
vital to spaceplane use as a researd) vehicle for space operations. 



o On-orbit cadieability offers cost reduction by minimizing the round^trips. 

o The use throughout of current technology reduces development cost, 
increases the reliabiUty of costing and reduces risk« 
503 Operational Requifements Having considered the principal motivations and means 
toward adueving the omnimissionaUty potential of the smaU cislunar spacepiane 
we now consider their implication on operational requirements* We will then 
transform logically these overall operational requirements into the more specific 
design requirements. 

The foremost operational requirement is for full-envelope operation. This 
requires that tfie spacepiane must be capable of cislunar, transatmospheric and 
endoatmospheric flight and operations. Ftffther it is required that the spacepiane 
be capable of flight routinely among these three components of the full envelope. 
Thus, on a particular sortie the spacepiane could return from cislunar operationst 
perform synergistic plane changes followed by operations in low to medium altitude 
orbits, reenter, perform tasks in the atmosphere and then land at an unprepared 
site of the pilot's own choosing. Within this basic requirement, the spacepiane 
must have the following specif ic operational capabUitiess 

o Extravehicular activity operations must be routine. The s^ffieplane and 
the pUot*s environment must facilitate EVA as often as desired Aaing a 
flight. 

o The spacepiane must be capable of autonomous landing safely at an 
austere site of opportunity and must permit final maneuvering for 
selecting the site and performing landing at zero speed, 
o The spacepiane must inherently facilitate launch by latmch vehicles 

currently available and available in the future, 
o The spacepiane must be capable of both autonomous operations and 
coordinated operations with other space and Earth systems. 
These requirements are in support of operational military doctrine and the 
minimization of the cost of supper: and flight operations whether military, 
research, commercial, or of other categories. By designing from the outset to 
meet the requirements of autonomous operation the probability of meeting the 
requirement is maximized. It is consistent with miUtary flight operations and the 
need for a large reduction in the cost of operations. Expanding the requirement for 
cost reduction, the requirement exists for substantial reduction of costs acrott the 
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board from an operational point of view. Thus the spaceplane and its ope rati o ns 
are required to be low-cost on the average relative to other means of accomplish- 
ing missions for which it is suitable. Finally» all these requirements must resuti in 
the capability to perform as many tasks, uses, or In summary, missions as possible 
in an overall cost-«ff ective manner. 
5.2.* Gonoeptual Desisti Raquirements The design requirements for the spaceplane that 
result from the above discussion and operational requirements are: 

o State-of -*the-art systems and technology as the most advanced level but 

lower level technology may be p re f erre d for practical reasons such as 

cost. 

o Minimum weight and volume within practical reason. 

o Maximum payload-velocity should be achieved in spaceplane design. 

o Endoatmospheric energy management balance between the maximizing of 
the lift-to-drag ratio (L/D) and the minimization of drag. TWs must be 
done with the full consideration that the spaceplane is a cislunar veMde, 
not a payload-to-ground, intemal-payioad-volume vehicle. For exnnple 
the beneficial use of centripetal acceleration during chordal, trans- 
atmospheric passes must be included. The use of propeUants lor plane 
changes in an optimal trade among weight, velocity losses, a er ody nam ic 
shape, center-of -gravity control for stabiUty and control, and control 
surface hinge-moments/energy requirements presents a design problem in 
which L A> is only one factor. 

o A reusable restowable aerobralce is required. The aerobralce subsystem 
must be compatible with multiple operation per flight. 

o The landing system must be based on the flying-parachute or Parafail* 
Landing velocity should be centered on zero-velocity. Redundant Rm- 
f oils are required lor safety. 

o The codcpit shall be un-pressurized while in space. 

o The spaceplane design will facilitate EVA as a normal routine ope ra tion^ 
Safe control of the spaceplane shall be maintained by the pilot while on 
EVA. The spaceplane shall be designed to provide as much assistance as 
possible to the pilot or others who are perf ormii^ EVA activity in the 
vicinity of the spaceplane. 

o The overall spaceplane system configuration and designs will eiploit 
modularity to provide the maximum omnlmissionallty mni cost-effective- 
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(Ul STAR SYSTEM OCMnCUIUlTICMS AND PEIVOItH 



SPACE CRUISER CONPIGURATIOK FOR STAR RESEARCH 

A key result from tfie analysb of the researdi vehicle application b that there 
is not a requirement to change the internal layout of the spaceplane from that of 
Figure 2. Also important is the corollary evidence tfiat should bitemal changes 
result from development of the vehicle by a major system mamifacturer it is 
unlikely that the performance of the vehicle as a research vehicle would be 
degraded as a result. The need for additional performance capability in the Space 
Cruiser was evident from the responses to the research survey. Numerous tasks 
were recommended that involved joining with satellites. While most satellites are 
in orbits below about 900 miles, it was determined that the Space Cruise should 
have the capability to rendezvous with satellites at any altitude, including those in 
geosynchronous orbit. Although external propellant tankage or a propulsion module 
sudi as the Centaur could provide the required energy to carry experimental 
equipment or payloads to reach a higher sateUite or satelUtes it has been a ground 
rule to retain sufficient internal propellant reserves to retimi safely without 
external propellant. Additional velocity wouU increase the capability for rescue 
operations as suggested in one survey response. The improvement includes the 
option to use added energy to reduce the orbital maneuvering time by enabling 
higher-energy but shorter duration transfer orbits. The input Cruiser configuration 
of Figure 2 is too limited in achieving velocity with internal propulsion. 

There are important changes therefore that are recommended to result in the 
STAR spaceplane configuration. The overall entry body shape should be changed 
from the right-circular cone to the cone-ellipse. A number of significant 
advantages result. Before the advantages are presented it should be clarified how 
the internal layout is unconstrained by the reentry body change to an elliptical 
cross section. 

The design concept is to design the outer airframe or reentry body to overlay 
the inner airframe or substructure which remains conical regardless of the final 
shape of the outer airframe. The outer airframe can be termed the aeroshelL The 
inner airframe is termed herein, the substructure. The volume between the 
aerosheil and the substructure is termed the auxiliary volume. 

The principal advantages of the cone-ellipse are the increase in available 
volume internal to the thermal structure, the opportunity to eliminate wii^ or 
strakes, and an increase in L/D while retaining a low value of drag, perhaps 
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decreasing drag. The elimination of wings or other appendages that aggravate the 
heating problem by creating shock inter f erence and radiation against each other 
appears desirable from a thermal viewpoint. The top-and-bottom symmetry is 
retained sufficiently to permit the Space Cruiser to fly with top and bottom 
windward aitematively. This is not possible with the flat-bottomed, winged 
vehicles which cannot use this method to distribute the heat load or limit local 
heating* 

Aerodynamic control would be accomplished by the conventional split wind- 
ward flap method. As the alternative to four straked wings with elevons used in 
the Spaceplane Examination (Reference 1) the number of control surfaces and 
associated drive motors is reduced from four to two. This should reduce weight 
and volume at the aft end and reduce the cost of refurbishment. The elimination 
of the winged, cruciform configuration will Impose greater demands on the 
autopUot in terms of stabiUty control. However, the resultant increase in 
allowable entry velocity would be of great value. 

The other principal, perhaps vital justification for the elliptical cross section 
is the availability of the auxiliary volume for propellant tankage. This volume 
would be substantiaUy greater than that of the internal spherical tanks. As wii! be 
quantified, the Space Cruiser operates at the high-slope section of the logarithmic 
rocket equation curve. Therefore there is no way to have too much propellant or 
to reach the point of diminishing returns. High density-impulse propellants and as 
much propellant volume as possible are design requirements. 

The design concept for auxiliary tankage is to use conf ormal, effectively non- 
pressurized tanks that f iU the auxiliary volume efficiently. The fuel is located on 
one side of the aircraft and the oxidizer on the other side. This provides desirable 
separation. The propellants are pump-fed by smaU electric motor^iven pumps. 
Samarium or other modem magnetic material motors would be used. The pumps 
would be very small, with redundancy. Because there is no need to pump-feed all 
the plug-duster engine nozzles at once, the motors can be optimized for 
packaging, reUability, etc. Once in orbit, the thrust level of the PCE is relatively 
unimportant because flight is at low flight path angles, resulting in very low 
gravitational velocity-losses. A small reduction in deUvered specific mipulse 
results from operating with fewer ndzzles but the advantage of increased available 
energy makes this consideration moot. 

Another reason for the cone-ellipse and the elimination of wings is the option 
to design the aeroshell and substructure as a system such that the aeroshell can be 
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removed as a unit readily and replaced. This feature has several important uses. It 
provides for rapid replacement of the aerosheU when required, eliminating the 
impact of aerosheU refurbishment on Space Cruiser turn-around time. It provides 
the means for conducting research on/with the aeroaheU without modification of 
tiie sid>structure and core vehicle. The internal siAsystems can remain intact. 
Inspected and untouched while a different aerosheU b attached. It is expected that 
aeroshell replacement would be a flight test hanger-compatible operation. Aero- 
sheU research would include substantial shape changes, structural research and 
i^i materials research. 

The avaUabiUty of auxiliary-volume propeUant tairicage provides the oppor- 
tunity to remove the internal, spherical tanks, move the primary ParafoU forward 
toward the secondary ParafoU and instaU a second seat. The forward seat would be 
ideal for a payload or mission specialist. It would permit adjustments to be made 
on cargo or instrumentation firom the second seat while the nose section is folded 
aft alongside. The location of the spherical tanks centered about the Cruisec*s 
center of gravity aUows the additional crew position with no tignif leant change In 
CG location. The two-crew-member configuration can be used for example for 
astronaut rescue and recovery to earth. When the auxUiary tanks contain 
propeUant the CG translates aft. TWs b unecceptable for entry. Therefore, the 
operational practice would be to use the auxUiary propeUant first, permitting 
subsequent entry with fuU internal spherical tanks and possibly some propeUants in 
the auxiliary tanks. 

The resultant STAR configuration of tiie Space Cruiser is Ulustrated in FigMre 
». The evident changes are the low-eccentricity eUlpticai cross section and the 
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>: deletion of wings. 
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6.1.1 Ccntaur-9 

The performance and effectiveness of the Space Cruiser can be enhanced 
)|< substantiaUy by the addition of a propulsion module. The propulsion module is 

^l;^ defined as an additional propubion system with own rocket engine. The use of the 

1^*' wide body Centaur as an example propulsion moAile with tiie Cruiser b depicted in 

Figure 3. 

It was analyzed for use witii the Cruiser in the Spaceplane Examination. 
Figure 6 shows the Centaur-SP located in the Orbiter^ cargo bay. The nose b 
shown attached normaUy, however it can be folded as indicated by the dotted Unes 
^ (or removed) to provide an additional cargo bay space approximatety 12 feet long. 
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^ The RL-10 Derivative HB engtae was recommended for the Centaur-SP* It 
uses an extendable exit cone and can operate at two reduced thrust levels when 
required. Pumped idle provides approximately 37G0 Ibf and tank-head idle provides 
approximately 150 Ibf. The deUvered specific Impulse at full thrust of ISyOOO Ibf is 
472 sec with a mixture ratio of 
&1«2 BsrafoU Perftrmanoe (References 2 and 3) 

The total recovery weight of the Space Cruiser is conservatively assumed at 
5t000 Ibm for sizing the Parafoil. The steady-state gliding performance with 
Paraf oil deployed is given in Figure 1. The ability of the Paraf oil to land with a 
velocity close to zero has been demonstrated many thousands of times Paraf oil 
sport jumpers and by various Department of Defense system demonstrations* The 
Paraf oil is superior to the parachute by the L/D ratio. For an L/D s 6, die Paraf oil 
has approximately one-sixth the rate of sink* The flare maneuver is quantified by 
Figure 8. 

Baykiad-Maneiiverability 

The principle flight performance measures of tiie Space Cruiser are: 

o Payload-velocity 

o Zero-speed landing 

o Plane diange capability 

o Atmosphere penetration 
The basic result of payload-velodty is payload-maneuverabiUty. Payload-velodty 
is the change in velocity, delta^V, that the spaceplane can give to a payload as a 
function of the payload weight and the spaceplane^ configuration. It is the 
normalized measure of payload maneuverability in the sense that the velocity 
available with a given payload can be used in a wide spectrum of maneuvers. The 
dioice of maneuver is optional and not the basic measure of vehicle performance. 
The transformation of velocity i^ito typical maneuvers in space is for concept 
purposes a handbook matter. We can evaluate vehicular performance compre- 
hensively in terms of payloadrvelocity without loss of generality. Several example 
maneuvers should then serve to present the transformation of payload-velodty to 
payload-maneuverability. Payload-veiocity is an excellent and revealing measure 
for comparative evaluation of different space vehicles arul among configurations of 
a particular space vehicle. 
6.1.% STAR Space Ouiser Per fo rm an ce The paylbad-velocity of the STAR Space Cruiser 
is given in Figure 9. The vacuum delivered specific impulse of the Aerojet plug- 
cluster engine with all nozzles operating is 316.S} SK. The individual nozzles or 
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modules have a specific impulse of 311.66 sec with chamber pressure s 188 psia. 
Fuel flow is 0.27 Ibm/sec and oxidizer flow is 0.33 Ibm/seCf for a total flow rate of 
0.60 Ibm/seo The PCE diameter is 43.53 iiu and its length is 13.88 inches. The 
module thrust is 188 lb and the PCE thrust is 3038.12 lb. 

The total weight of the PCE is 83 Umu The useable propellant from the 
^erical tanks is I93OO Ibm. The oonformal auxiliary tanks provide an additional 
«9300 ibm of propellant for the STAR configuration presented herein with an 
elliptical cross-section with an eccentricity of approsdmately 0.707. Because the 
auxiliary volume is directly proportional to the sendnnajor axb of the elliptical 
cross-section and L/D increases with an increase in eccentricity» the auxiliary 
propellant volume is believed to be conservatively estimated. A nose ballast 
weight of 492 Ibm was indudedt corresponding to no payload in the payload bays. 
Thisi value decreases if a payload is located in the forward bay and remains 
approximately iht same if payloads are located in both bays. 

The maximum delta-V achievable by the Space Cruiser with zero payload is 
8,700 fps. A velocity of 8,073 fps is provided to a payload of 300 Ibm. This 
corresponds to an internal payload density in the forward bay of approximately 60 
pounds/cubic foot. Of course, the large payloads woukl be carried extemallir. 
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6,L5 Cmnmm-SPF mtKumcm The pftyload-velodty p er to cma n ce of tlie comMntd 
Ccntaur<^paoe Cndser Is ^ven by Figure 10. The wide body Centaur would be 
modUicd by r^iadng the two RL-10 cngbies with o single RL-10 Derivstlve OB 
engine. For o ver sp ee d entry of the Centaur a lifting aerobcalce would be attadnd 
to the aft end. The lower curve represents the Centaur as a propulsion module 
with the full, wet Space Cruiser as a payioad of 10,100 Ibm. The zero-psyioad 
velocity is 20,741 fps. This corresponds to a plane change at 100 nmi altitude of 
more than #3 degrees. A velocity of 14,000 fps corre sp ond s to paytoad delivery 
from an inclination of 28.5 deg to geosynchronous orUt. It is interesting to observe 
that the Centaur-SP could push the entire Orbiter to a velocity of 3,600 This 
corre sp ond s to a inaneuver in which the Orbiter to pushed fiom'a 100 nnd deodar 
orbit to a 300 nmi drcular orbit and back down again to a 100 nml drcular orbit, 
twice, the Orbiter to then deorUted, the Centaur propulsion module to left In low 
orbit and the Spaceplane to then free to maneuver fully with up to 8,700 ^ and to 
return to land the wing of the Orbiter." The Orbital Maneuvering System 
(OMS) engines of the Orbiter were not used. 
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Figure 10 CasmmSP Payload-Velocity 
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The upper curve shows the 8700 fps velocity adiievable by the Space Cruiser 
after staging from the Centaur and the external payloacL As a point of comparison 
the Apollo 15 used 28,832 fps to land on the moon and return. It should be noted 
that the addition of another Centaur stage would add approximately 7,000 fps and 
permit substantial payload delivery to the moon's surface followed by spaceplane 
return to Earth* Return to the atmosphere from geosynchronous orbit requires 
approximately VOO fps to 6,000 fps depending on whether the 28.5 degree plane 
change is done. Landing site flexibiUty suggests the 4,700 fps value for maximum 
payload to geosynchronous orbit. 

Figure 11 combines the three payload-velocity curves, forming a composite 
performance representation. Not shown, but calculated, is the case where the 
Cruiser alone pushes the Orbiter. A velocity of 3»8 fps is achieved with an empty 
Orbiter. This value is insensitive to Orbiter payload and indicates the Orbiter 
rescue capability of the Cruiser. 
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Figure 11 Rayload-Velocily Map 
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6.1^ GniiMr Haneiivcrabilitr There «re several points that can be made appropriate^ 
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m at this juncture about Space Cruiser maneuverabilityo Ihe literature abounds with 

^ analyses of optimal maneuvers and charts of standard maneuvers under conditions 

of optimality. Optimality makes sense because deltaF-V is "hard to come by" in 
space* The Solar Max repair mission showed the very limited maneuverability of 
the Orbiter in terms of velocity and of its attitude control system* We also saw 
that it was the man-in-space that maneuvered the Orbiter, that operated the 
remote manipulator arm, that retrieved the satellite, that secured the satellhe, 
that repaired the satelUte, that operated the arm again, that controlled the 
Orbiter, etc. Man-in-space is often irreplaceable, just as on Earth and In the air« 

In this context one of the principal goals of the STAR re le arch program and of 
the Space Cruiser as the research vehicle is to obtain flexibility, as much freedom 
as possible from the constraints of limited hardware performance and designed-in 
limitations on the astronaut. Another is to explore non-energy optimal, but 
practical nevertheless, maneuvers. 

As an example, consider transfer from a 100 nmi circular orbit to a 300 nmi 
circular orbit. Ih real*life, optimal transfer may mean performing the transfer bi 
substantially less time. Rescue may be Involved. The requirem^t may be to 
rendezvous with an object as soon as possible. 

Figure 12 presents quantitatively the dynamics of the problem. The indepen- 
dent variable chosen is the terminal crossing angle (TCA) where the 300 nmi orMt 
is intersected. This angle is the angle between the local horizontal at the pobit of 
intersection and the Space Cruiser*s velocity vector at the intersection. The values 
of the injection velocity beginning the transfer and the insertion velocity required 
at the intersection of the 300 nmi orbit are plotted u a function of TCA. These 
velocities are summed In the curve labeled Total Delta-V. The time duration 
^ required to perform the transfer is also plotted as a function of TCA* 

The origin values cor r e s pond to the two-impulse Hohmann transfer in which an 
insertion velocity of 3*9 f ps is applied horizontally, followed by an insertion bum 
of 3M fps at intersection, for a total of 693 fps. The delta-time is ^SM minutes. 
If a TCA of 2 deg is used, the time is reduced by 15.7 min. The added total 
velocity is 681 fps, for a total of 1,37* fps. A TCA of 5 deg results in a transfer 
time of 15.9 min cr approximately 35 % of the Hohmann transfer time. The total 
delta^V required to transfer is then 3,327 fps. This vahie is well less than half of 
the maximum velocity of the Cruiser. The Cruiser could there f ore return in the 
same time as well, and have ample propellent for deorMting md reentry, bi this 
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case the total time used in the double transfer is 32 min. which is approximately 
1/3 of one complete orbit. Thb example of a non-optimal maneuver is intended to 
remind us how important it is to design the manned spaceplane for the maximum 
possa>le delta-V and at the least weight so that the LV can permit the laraest 
possible propellant load and/or payload weight. 

PEACEKEEPeR - SP PeBPORMANCe 

The per f ormance of the three-ttage MX Peacekeeper booster as an LV for the 
Space Cruiser is indicated In Flgwe 13. this graph plots the terminal velocity «f 
the LV as a function of throw weight. The trajectories run as the source for tMs 
graph were terminated at an altitude of CO nmU A nonnrotatiiv «vth was 
assiuned. This corre sp ond s approximately to polar launch. A velocity of 
approidmately 1,350 fps should be added to the terminal velocities of Figure 12 for 
the case of east laundi from a latitude of 2S.5 deg. The coast period between the 
second and third stages was allowed as a free variable In achieving final fliglit path 
angle. The coast times shown are assodated with a burnout flight path angle of 
zero degrees. Results were also obtained for a burnout flight path ai^ of two 
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THROW MCXOfT C1ta> 
FIfUK 13 PBiockBcpcf-SP S^Btfovnuim 

degrees. The velocity versus throw-weight curve remained essentially the same. 
However, the coast times differed sitetantiaUy. The transformation is 7t^56Jf 
83:59 and 88*6:62«6 seconds. 

The Peacekeepert without its post-boost vehictet is capable of boostii^ the 
Space Cruiser to sufficient trajectory conditions that the Cndser can be staged and 
reach orbit with propellant remaining^ This is evident regardless of propellant 
loading in the auxiliary tanks. 

With no auxiliary propellant, the wet, manned vehicle weighs approximately 
5,600 Ibm and the LV provides a staging velocity ef 2*,000 ^ phis the component 
of the Earth's rotational velocity at the latitude involved. The 5,600 ftm Spece 
Cruiser has then a maximum delta-velocity available of approximately 2^50 |ps. 
if propellant were added to the two pfsyload bays, the vehicle would weigh <i290 
Ibm and would be capable of 3,700 fps after staging. If the spherical taite and the 
auxiliary tanks are full the vehicle would weigh 10,100 Ibm »d be capable of 8»700 
fps. 

A total velocity of 2*,000 fps plus 2,650 ^is, or 26,500 Ips is available ^lus the 
Earth's rotational component) at a LV throw weight of 5,600 Ibou Similarly, a total 
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velocity of 20^ fps plus 8,700 fps, or 29,000 fps is available with the spherical 
and auxiliary tanks fuU. Clearly the staging ratio is sufficiently far from optimal 
that the Space Cruiser does not reach the point of diminishing returns in tenrn of 
increasing the fuel load. 

Human tolerwce mi p er f or man c e under the specific conditions for launch by 
the peacekeeper as an LV have been studied during exposures to muH^le, 
sequential * GX acceleration pubes peaUng at 5, 8, and 9 GX In support of the 
corrinuing examination of the Space Cruiser concept. The experiments were 
performed by the Air Force Aerospace Medical Research Laboratory, Aerospace 
Medical Division, Vright-Patterson Air Force Base. The main findings showed the 
profit to be wellptolerated physiologically. The complete findings are reported in 
AFAMRL-TR-S4-012, dated February 19M (Reference 6). 
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63 AIRBORNE LAUNCH VEHICLE 

As introduced in Section 9.2.2.2, the launch of the Space Cruiser from a 
Boeing 747-200P appears feasible and operationally a ttractive. The 200P model' is 
configured and structured to be a freighter with significantly greater payload 
weight capability than the passenger models. It is feasible to lift well over 300^000 
Ibm with a 200F. Fuel is offloaded to enable the mMimum paj^oad lift capabiUty. 
It Is assumed titat the USAF*s operational In-liight refueling system would be aAtod 
to increase range, duration and payload. 

The ALV with its sp8ceplane<s) payload is attached to the 7«7.20QF underneath 
the aircraft, between the main landing gear and the nose wheel. The landing gear 
must be extended vertically approximately « feet to accommodate the ALV. The 
extension concept is to attach a streamlined pylon assembly to each wheel well and 
attach the standard landing gear to the pylon. It wiU probably be unnecessary to 
raise the gear. Fixed gear would be the simplest. Thus, the aircraft would be 
raised approximately 4 feet and the ALV and the Space Cruiser would be very 
accessible from the ground. The launch aircraft Also serves as the carrier aircraft 
in transporting the ALV and its ground and airborne support eqidpment. Ih d e e d the 
concept is that the aircraft would be the complete servicing, transportation, launch 
and control facility. The crew, office, flight test instrumentation, computers, etc^ 
would be contained in the aircraft. For launch, ground support equ^ment, ground 
crew, etc., are offloaded to minimize take-off weight. 
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The ALV concept is indkaied in Figure U and supporting data is presented in 
Table !• The ALV is ihomn idth RP-1 ftieli howevert improved performance and 



logistics would result from the use of propane (R efe ren c e 7). The dimensions 
^ven in feet* 

Each strap-on booster would be reooverable with a Paraleil and the final stage 
would be designed to be a stage-sutiont difcussed In Section 5«2.2.% as a 
modularity option. When the payload weight prevjents insertion of the stage, engine 
restart could be used after Cruiser deployment to provide the velocity maneuver to 



RL-10 at pumped-idle conditions 
might be best from an attitude 



the final orbit, bi this regard, operation of the 
with a thrust level of approximately 3,700 Ibf 
control aspect. 

The Space Cruiser serves as its own final stage and could provide the guidance, 
navigation and autopilot functions during launch. The use of the basically 
production engines on the ALV would decrease development time and cost greatly. 
The conversion of the Titan first stage engines to the liquid oscygen and propane 
propeilants is discussed in Appendix C. 
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TABLE 1 

AIRBORNE LAUNCH VEHICLE DATA 



Gross lift off weight, Ibm 



322,117. 



AODinONAL STAGE DATA 



STRAP ON STAGE (Two barrels) 



Gross wtf Ibm 
Prop wt, Ibm 
Prop Mass Fraction 
Ave Isp, sec 
Total Bum Time, sec 



STAGE I 

Gross wt, ibm 
Prop wt, ibm 
Prop Mass Fraction 
Ave Isp,sec 
Total Bum Time, sec 



STAGE n 

Gross wt, ibm 
Prop wt, liMn 
Prop Mass Fraction 
Ave 1^ sec 
Total Bum Time, sec 



116,37«. 
100,000. 

.899 
302.7 
37.8 



163,380. 

141,321. 

.864 
302.7 
163.« 



27,163. 
22,703. 

.83* 

♦72. 

693.0 



STRAP ON STAGE 

o f/wt @ icnition a 3.85 

o f /wt @ shutdown s Ml 

o Parallel bum with Stage I 

o bp altitude s 295 sec 

o Isp vacuum s 310 sec 

o MR s 2.25 aOX/RP.l) 

STAGE I 

o f/wt @ ignition s 3.85 

o f /wt @ shutdown s 3.79 

o Parallel bum witfi strap^^n stages 

o altitudes 295 sec 

o bp vacuum s 310 sec 

o f/wt (§ stiap-on separation ■ 1 J2 

o MR 3 2.25 (LOX/RP-l) 

STAGE n 

o f/wt (§ ignition - 3.56 
o f/wt @ shutdown 3 .7*5 
o MR 3 5.0 (Lox/LHj) 



PAYLOAD 



15,000.* 



1 



Total Payload Oelta-V r 25,607 ft/sec 
airiaunch aths30 kft, flight path angle s 0 deg 
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JJi STAR DEmOPMEirrAflD RESEARCH PROGRAM PLAN 



DEVELOPMENT PHASE 

The principal results required in the consideration of the development phase of 
the STAR program were the estimated overall scheduling and costs. The approach 
used was to coordinate with the contractors which had s u pported the Spaceplane 
Examination study (Reference 1). Each contractor knew the Space Cruiser 
conceptual design well and especially the subsystem for whkh the contractor was 
responsible. Each was asked to provide an estimate of the time required from work 
start to delivery of the first system(s) for installation in the Space Cruiser. Costs 
and delivery are discussed in Section S.O. A total of six shipsets were planned. 

The subsystems were the Environmental Control and Life Support System, the 
propulsion system including the propuMon components for the attitude control 
system, and the complete avionics system. The ground rules included the 
assumption of a research type development program procedure similar to CQ«n« 
merdal development, ROM quality estimation and being reasonably conservative. 
Each contractor estimated first delivery in approximately two years. This period 
was also considered reasonable for the soft-tooled aeroshell and the sid>structure 
which would be soft-tooled if non-metallic or prototype tooled if metallic. It was 
further estimated by each contractor that a flight test program of approximately 
one year would be required after initial delivery. The flight tests were focused on 
launch from the NASA Orbiter and Orbiter availability was assumed. The small 
size of the Space Cruiser and the capabililty to remove its nose section was used as 
the basis for assumption of the availability of the Orbiter. The priorities and cost 
waiver rights of NASA for research payloads are potential advantages for the 
STAR research vehicle as an Orbiter payload. 

The Space Cruiser does not fly in a range of speeds from sUg^itiy over 
transonic to the speed of an ultralight aircraft. After the deceleration drogye is 
deployed and until the Parafoil is disreefed the Cruiser is stabilized and deceler- 
ated by parachute. Therefore, flight tests concerning flight and sid>system 
performance over this speed range are not required or possible. Further, there will 
be no landing gear tests because there is no landing gear. The smaU size of the 
Cruiser suggests that an Inexpensive boiler-plate version be used for landing tests 
and training. Training can also be done with available flying parachute configura- 
tions. It would be undesirable to land on a paved runway. There is no apparent 



requirement for expensive ^)ecial traddng and control facilities near or at a 
landing site. 

One of the most important flight test objectives is to verity the degree of 
autonomy that can be permitted the Space Cruiser with respect to ground support 
and controL Autonomy will reduce the cost of operations. On the other hand, it is 
necessary to obtain sufficient data and other results from the flight test opera* 
tions. Therefore, a higher degree of autonomy is expected in operations subsequent 
to completion of the Space Cruiser developmental flight tests. 

The wide spectrum of research and technology tasks identified during this 
study suggests the Space Cruiser system configuration be versatile, modular and 
responsive to various internal and external payloads and test needs. It seems 
appropriate therefore to begin the discussion of the development and research 
program plan with the presentation of the overall functional configuration of 
system operations from whidi specific recommendations can be derived and the 
available attematives clarified. 
7«1«1 System Operations Plan 

The functional operation of the Space Cruiser in a total-system sense has been 
developed during the study. In striving for the goal of great versatility, or 
omnimissionality^ the manned vehicle must be is small as is practical, have as 
large a payload-velocity product as is practical with modem technology, and use 
modularity to adapt to the needs or missions as cost-effectively as possible. The 
(piestion then arises of what constitutes the total system. How does it all fit and 
work together? What is the system configuration as a function of research 
mission? What is the system configuration as a function of development and need 
priorities? 

Consideration of such questions of the development, use, interactions, 
missions, etc., from the overall operations system viewpoint can be aided with the 
block diagram of Figure 15. The starting points are the ELV Launch-Boost block 
and the STS Launch-Boost blodc. The usual finish point for the Space Cruiser is the 
Cruiser Facilities/Payloads block at the lower left. The primary focus of the 
diagram is on the Missions blodc. This block is double-boxed for emphasis. A 
secondary focus is made on the Stage-Station Operations block which is also 
double4)oxed. 

Observe that from the Missions block the Cruiser can return to the surface, 
return to the Orbiter, be cached on orbit or rendezvous with a stage station. 

57 



Observe also that the Cniiser could enter the mission with internal propellant, 
external propellantf or a propulsion mochjle boost whether launched by the Orbiter 
or by an ELV. For simplicity the ELY term is intended to include the ALV, with 
which it is planned that only one stage is expendable. Missions can be entered 
while in space or following a synergistic maneuver with a dean configuration. It is 
important to observe that the Orbiter is typically free to perform other 
missions/tasks indepe n dent of the Cruiser. The block parallel to the Cruiser(s) 
Deploy/Load block represents this capability. 

The CruiseKs) Deploy/Load block represents that up to an estimated S 
Cruisers could be carried in the Orbiter^ cargo bay and that Cruisers can be 
deployed and recovered or loaded in space (as the Solar Max Satellite). The 
parallel paths for vehicle recovery and handling of payloads are indicated in the 
lower left portion of the diagram. 

The Data Link shown at the top of the diagram con n ect s the Space Cruiser 
operational system with a selection of participants. Clearly, the autono m ous 
performance capability or mode is only one mode of operation. 

Once on-orbity the stage stations can be operated as satellites independent of 
Space Cruiser operations and may pay their own way. Stage stations add a new 
dimension to the debate b e t ween expendable and reusable launch vehides, namely 
the Indefinitely reusable final stage. For completeness, it is recognized that stage 
stations without their propulsion systems other than attitude control could be 
deployed by the Orblters. They may also be used as an interface b et ween the 
Space Cruisers and the future NASA space station. 
7.1.2 Flight Test Configuration 

The Space Shuttle is recommended and explained herein as the Initial launch 
vehide for the Space Cruiser flight tests. The Orbiter can provide the types of 
built-in support and control in Space Cruiser operations analogous to those U.S. 
Navy aircraft carriers provide for th* Fleet Air Wings. The proven reliability of 
the man-rated Shuttie, its unique capability for on-orbit support and if required, 
recovery of the Cruiser result in the lowest risk factor and the maximum flexibility 
in achieving the flight test objectives. 

Analysis of the 19^ Outside Users Payload Model report (Reference 8) and 
discussions with NASA and Battelle^ Columbus Laboratories revealed that the 
Shuttle is available for Space Cruiser flight tests during 1987, 1988 and 1989. 
There are several payload openings on scheduled flights. There are also several 
payloads with a sufficiently low probability of flight that it is reasonable to expect 
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additional availability during the above time period. It is recognized that if actual 
Shuttle flight rates are significantly less than planned, consolidation of flight 
payloads may delay the Space Cruiser flight test operations. On the other hand 
there are reserve capacity opportunities in the form of currently unscheduled 
flights as well as the less-than-fuU cargo flights. The opportunity to obtain space 
tends to decrease as the flight date approaches. The option's tend to close 36 to 24 
months prior to flight as progress payments for payload space are received, payload 
integration becomes well under way, etc 

Following the developmental and verification flight testing of the Spoce 
Cruiser itself would be further developmental flights from time to time for the 
purpose of expanding its capabilities and configuration. For example, the intro- 
duction of the MX booster as an expendable LV would require flight testing witii 
the Cruiser as its payload prior to its use as a STAR program LV. The integration 
of any propulsion module, such as the Centaur*SP discussed in Section 6.1.1, would 
also require flight testing before operationai STAR use with the Cruiser. The 
current Centaur family of upper stages represents an available propulsion module 
source for the Cruiser. The NASA Centaur GV(G-Prime) is a wide-body upper stage 
with 46,000 Ibm of propellant. It has two RL-10 engines and is planned to fly twice 
in May 1986. Two Orbiters will be used to meet launch window constraints. The 
Centaur G differs primarily from the G* in propellant load. It carries approxi- 
mately 30,000 Ibm of propellant. It will be launched in a DoD diuttle in 1987. The 
development of an ALV and the potential stage station are additional examples of 
configuration changes to the STAR system that will in themselves require flight 
testing with the Cruiser prior to operational use. A key conclusion or point to be 
made is that the developmental effort would rise and fall as the configuration and 
performance expand. Concurrent development and STAR operations would result 
after the flight test verification of the basic Space Cruiser is complete. Extrap- 
olations through the lifetime of the Space Cruiser are beyond the scope of this 
brief study. In this context the report emphasizes the flight test of the Cruiser 
itself to the point when it can first be flown on operational flights in the STAR 
program. 
7.1 J Flight Tests 

Subsequent to validation and verification of the Space Cruiser systems and 

subsystems and integration tests, the following tests would provide the basis for 

certifying the Cruiser for STAR. For context with the eventual overall operations 

the development tests are presented with implicit reference to the overall 

operations plan of Figure 15. Here the mission is to flight test the Cruiwr. 
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The Space Cruiser is loaded into the Orbiter*s cargo bay where it is held with m 
cradle. The nose will be detached but mounted in a position similar to the folded 
position with normal connections between the nose and the aft or main body. 
Cruiser chedc-oet is enabled using the Cruiser's on-board power while the nose 
section is connected but detached. Nose detachment reduces the cost of launch* 
simplifies the structural dynamics problem during the Shuttle launch environment 
and provides experience with handling of nose sections in the cargo bay. 

When on^it the pUot or payload specialist attaches the nose to the aft 
section. Options should be provided to attach the nose while the Space Cruiser is 
held in its cradle support structure as transported to orbit and also after the 
Cruiser is rotated to the deployment angle at or close to perpendicular to the 
Orbiter*s longitudinal axis. 

When deployed, the Cruiser will und^-go final system checkout while in the; 
vicinity of the Orbiter. The relative location will be selected to enable the orblter 
to recover the Space Cruiser should the need arise. 

After checkout the Cruiser is deorbited to pass through the upper atmosphere 
in a chordlike-arc. After atmospheric exit the Cruiser is maneuvered bade to the 
vicinity of the Orbiter for inspection, data reduction and rendezvous experience. 

If required, the Cruiser is returned to its cradle for servicing or return to 
Earth after the Orbiter^ other tasks are completed, if its systems are normal the 
Cruiser reenters the atmosphere for further aerothermodynamic and control 
system tests. It then either returns to the Orbiter as before or completes the 
recovery flight path to a landing. A key point is that the Orbiter provides the 
capabiUlty for on-orbit inspection, checkout, repair and if required, recovery of the 
Space Cruiser. 

The Orbiter performed its complete flight profile from launch through landing 
during its first space flight. The Cruiser should be capable of performing laundi 
through landing on its first fUght also. However, support by the Orbiter could 
increase the number of tests and objectives met per flight and increase flight 
safety. The Orbiter may be able to provide computer and communication support 
and backup. Its location at a higher altitude and in the vicinity of the Cruiser 
offers a unique opportunity for support on the global basis of tfte flight test 
program. The flight tests of the Cruiser as a free flyer could be accomplished over 
a period of days to aUow time for intermediate evaluation of system and test data 
and for corrective action or adjustment. 
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Determination of the number of flig^ required to confirm full operational 
status depends upon the specific design of the Space Cruiser, the modular or other 
changes planned to the Cruiser system, the measure of maturity and the portion of 
the performance envelope in which operational status is required. It is planned 
that research and technology tasks will be accomplished concurrently on a 
relatively lower level of priority during the pro-operational flight program. 

Should the need arise for accelerating the schedule, a substantial improvement 
would result from deploying two or more Space Cruisers from one Orbiter. The 
multi-day normal operating flight duration of the Orbiter would facilitate this type 
of test operation. It is possible that after several Orbiter flights with one Space 
Cruiser per flight it ^ould be cost-effective to dedicate one or more Orbiter 
flights to carrying two or more Space Cruisers. 

It is clear that the Space Shuttle is capable of excellent, unique support to the 
Space Cruiser flight test program and subsequently to the STAR operational 
program. 

7.2 STAR RESEARCH PROGRAM 
Plan Compodtion 

Stated succinctly, the STAR program plan is to acquire and operate a limited 
number of Space Cruisers with an evolutionary, modular configuration to per f orm a 
wide variety of research and technology tasks for a wide range of beneficiaries 
that includes the military, the aerospace industry, government agencifjs and 
national laboratories. 

This report has presented the configuration, performance, system operations 
and other information that constitute much of the STAR program plan. In this 
context, the planned STAR vehicle conceptual design complies with the design and 
operations logic plan developed in Section 3.0 and is based strongly on the input 
configuration resulting from previous studies as presented in Section 3.0, the 
Spaceplane Background. Modification of this input configuration improves its 
performance for the STAR program dramatically. The planned modifications are 
presented with the resulting performance estimates in Section 6.0. The balance of 
the overall modular system, which includes for example launch vehicles and 
additional propulsion, is presented in Sections 5.0 and 6.0. The planned full-system 
operation configuration is block diagrammed and discussed in Section 7.1. Many 
potential STAR research and technology tasks considered important by members of 
the aerospace industry, the Air Force, etc. are presented in Secticn 4.0. The 
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linkage between the research tasks and the STAR Space Cruiser conliguratkMi is 
presented principaUy in Section 5.1. The operational procedures for use in flight 
testing the STAR research vehicle are presented in Sectkm 7*1 These operational 
procedures and the associated configuration with the Space Shuttle as the launch 
vehicle are planned to continue during and to define the first phase of the STAR 
program. The second phase of operations includes the MX booster as a launch 
vehicle. The third phase is centered on the incorporation of the Centaur family of 
upper stages as propulsion modules for tfie Space Cruiser to extend its p er f orm a nce 
at all {Utitudes through the ge osync hr onous orbit and if requiredy to haiar missions* 
The fourth phase of the program plan is defined by the use of an airborne launch 
vehicle as presented in Section 6.3. The fourth phase also includes the use of the 
stage stations which are presented in Sections 5.2.29 ond 63 and 7.Ui. 
7JL2 STAR Program Phaies 

The principal phases of the STAR program are as foUows: 
Phase I - Low to medium altitude orbital and transatmospheric STAR opera- 
tions with the Space Shuttle as the launch vehicle 
Phase n - Ihtroduction and use of the MX booster as a complementary launch 
vehicle 

Phase in - Ihtroduction and use of the Centaur upper stage as a propulsion 
module for all orbital altitudes in cislunar space 

Phase IV • Ihtroduction and use of the airborne launch vehicle system and 
associated stage stations 

It is estimated that as a research program: 

Phase I STAR flights could begin as early as 3 years after initiation of Space 
Cruiser development. Phase II flights could begin as early as 4 years from 
initiation of Space Cruiser development. Phase in flights could begin as early as 5 
years from initiation of Space Cruiser devel<q>ment. Phase IV flights could begin as 
early as 5 years from initiation of Space Cruiser development. 
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S.0 oeveiXMieNTiWOOKRATIONSCOSrESTli^ 



t.1 MTRODUCnON 

To obtain a RoiJ«h Order of Magnitude (ROM) estimate of costs for the $pace 
Cruiser, several aero^Mce corporations familiar with the spaceplane and govern- 
ment agencies were siweyed. Cost estimates were received for propufsion^ 
avionics, and Environmental ControiA-ife Support System (SCfLSS) subsystems. 
RftD and Life Cycle Costs (LCC) of several programs were evaluated. Several 
pertinent type studies were reviewed for program cost estimates. Cost estimation 
in these various reports varied widely, primarily in view of ^ different methods 
of calculation in each program's cost estimate. 

To determine cost estimates for the Space Cruiser, various factors were 
considered. Maximum use of off-of-the^lf or modified GFE hardware was used 
which provided as realistic cost estimates as possible. The design of the Space 
Cruiser in itself permits certain cost-savings to the R&D Program. Specific 
examples arei 

o Shape simplicity (Cone-Ellipse) 
o Recoverable and reusable 
o Small size and weight 
o Launch vehicle/platform available 
o Subsystems not required in Space Cruiser: . 
Landing gear system 
Ejection seat system 
Wing^ and associated control surf aces 
- Vertical and horizontal stabilizer 
Hydraulic system 

Autopilot below approximately Mach L2 
The Space Cruiser is to be developed and constructed as an experimental vehicle 
without NASA-type programmatic constraints. 

Although the above subsystems wiU not be required, the Space Cruiser, as an 
operable vehicle, will be an integration of the following subsystems and equipment: 

o Thermal protective system (TPS) 

o Lift control surfaces or flaps 
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Improved cost estimates for these s u bsystems can be definitized after the Space 
Cruiser configuration is known in greater detail. The cost estimates received in 
this surveyt which were of value in establishing the estimated costs for the Space 
Cruiser R&D Program, are reported below. 

U COST SURVEY RESULTS 

5.2.1 Anionic Goal Estfiwaas 

Cost estimates were provided for the baseline avionics subsystem ewept for 
the RP portion of the telemetry/command system and the auxiliary power system 
(including the batteries). The scope of the costing figures includes all non- 
recurring engineering, all hardware, software, flight equipment and data suitable 
for conducting an avionics flight test program with the Space Cruiser. Total 
program costs, with p r ogre s s payments, were estimated at $130M« Conversely, 
total program costs, with payment on delivery was estimated at $160M. 

5.2.2 Environmental Control and life Support System (ECA^ Goat Estimates 

Non-recurring costs associated with the ECA«SS, pilot's couch, cockpit con- 
trols, the S PSI EMU to be worn by the pilot, and ground support equipment for 
recharging vehicle fhild systems were estimated at $10-15 million through qualifi- 
cation. The cost estimate for each shipset, in low quantities, ^yas S6-10 million. 
These are ROM costing figures. 
8.2J RopuUon Goal EMbnates 

Cost estimates for each Space Cruiser included: 

1. IS PCE module units rated at 188 lbs of thrust eadi 

2. 1* ACS module units rated at 15 lbs of thrust each 
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3. Om fuel tank 
One oiddiMT tMk 

5. Fuel lines and manifolds 

6. The cost of vacuimi testing of a water-cooled test plugt 

7. For integration iMMTposesy the cost of a propulsion system nK)c^ 

The first shipset was estimated to cost $5 million (1983$) and $20 million 
(19S3$) for five additional shipsets. The cost estimates include assembly and 
preparing shipment to Tullahoma, Tennessee for operation under vacuum condi- 
tions* Delivery of the first shipset would occur 28 months after program initiation, 
the second shipset a year after acceptance of the first shipset, and additional 
shipsets at three month intervals after the second shipset is delivered* The mode* 
up would be available 18 months after program initiation. 
ZOA Launch Vehicle GostEMfanates 

There are many financial considerations in uting the STS to transport payloads 
to orbit. For each launch, or as in the Space Cruiser research vehicle program, a 
series of launches, a number of combinations of services (launch altemativesi are 
available* Combinations of standard services, optional flight systems, optional 
payload related services, ^)ecial fees, and reimbursement schedules can result in a 
different price and cash flow* Further, because the Space Cruiser could support 
NASA in payload deployment, servicing, repair, inspection and retrieval it is logical 
to expect that NASA or the non-NASA payload organization would reimburse the 
STAR program for such services and support* The STS reimbursement proceAires 
stated in the Space Transportation System Reimbursement Guide (Reference 9| 
applies to all non-U*S* Gknremment and civU U*S* Government users* It does not 
apply to Department of Defense users* Though the transportation price is charge^ 
there is no added *Hise fee" charged to U.S* Government users* A shared-flight user 
will pay a percentage of the dedicated-flight price, based on either payload weight 
or payload length, whichever results in the larger payment* Folding or removing 
the nose of the Space Cruiser would therefore result in a substantial cost saving. 
The launch reimbursement is a function of the required orbital inclination as welL 
It would not be necessary to require additional Orbiter altitude or velocity in 
transporting the Space Cruiser* Charges for such Orbiter performance changes 
would therefore be avoided* Another consideration that would be subject to 
negotiation would be occasions of recovery, i«e* transportation of the Space Cruiser 
and its payloads back to the Orbiter*s landing site* 
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An estimate of the charge factor can be made based upon the Guide as 
follows. Hie payload length is estimated as the Space Cruiser length with nose 
removed plus two feety or approximately 16 ft. The load factor is thus 16/60 s 0.27 
and the charge factor is 0.27/0.75 s 0.335 for launch with an inclination of 2S.5 
deg. If tiie charge factor is based oi> payload weight then the load factor is 
10,100/63,000 s 0.153* and the charge factor b 0.133«/0.73 s 0.207. Cdmparison 
of the length derived and weight derived charge factors indicates the large cost 
reduction that would result from designing the Space Cruiser to be installed in the 
cargo bay in a vertical or nearly vertical position. The cost savings would be as 
large as 0.333-0.207 s 14.8% of the fuU 100% dedicated price of launch. 
Equivalently, an increase in price of 71.3% occurs if the price is changed from the 
weight criterion to the length criterion and the length used is 16 ft. 

Special consideration is given to users having an experimental, new use of 
space or having a first-time use of space that has great potential public value. 
This is called an exceptional determination. An STS exceptional program selection 
process is used to determine which payloads qualify. In all cases, the NASA 
Administrator has final authority in the decision. 

The non-DoD dedicated users price is $71 million in 1982 dollars in the period 
of fiscal years 1986 through 1988. The DoO dedicated users price is $37.8 million 
in 1983 dollars. This price is expected to rise to a value between 60 and 100 
million for years past 1988. The launch cost for the Space Cruiser is estimated to 
be between $12 million and $2» million depending on whetfter the length or the 
weight criteria are used and whether the non-DoD or the DoD rates apply. As we 
have indicated there are other factors which cannot be determined at this time. 
These may raise or lower the cost^ Note that if two or three Space Cruisers are 
transported in the same length of bay then the cost per Space Cruiser is reduced 
substantially, at least from the length criterion to that of the weight criterion. 

The purchase price of a MX booster as a LV is expected to be between $3.5 
million and $12 million in current dollars depending upon production quantity. The 
lower figure corresponds to a very large production quantity and must be 
considered very unlikely. Perhaps the only case in which such a large buy would 
obtain would be one where the SDI were to use the MX booster as a LV for orbitii^ 
a targe network of low altitude satellites. 

Advantages of the Orbiter as a LV include its capacity for: carrying an 
additional pilot for the Cruiser, carrying large amounts of additional propellent in 
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Cruiser external type tanks and in cairying The potential 

launch cost savings and the on-demand and inclination flexibilities are advantages 
of the MX booster. Coordinated launch of two boosterst one with the Cruiser as a 
payload and the other with Cruiser payload or propellant may preserve launch 
flexibility while increasing mission flexibility through additional payload or propel* 
lant« Rendezvous and doddng would be required. Clearly there are numerous 
options possible for use of the MX booster in individual and multiple launches and 
in combination with the Shuttle. At this point it seems evident that the MX 
booster stack is a viable cost-effective candidate as a LV in the Space Cruiser 
system. Many questions arise with respect to the adaptation and cost of the MX 
booster system as a LV for the Space Cruiser. For examples Should strap-on 
motors be used to increase its payload capability to orbit? What are the 
implications of man-rating the LV? How much weight is required to attach the 
Cruiser to the LV? Can the high-cost ICBM guidance system be replaced with a 
simple^ low-cost system? Can the Space Cruiser's guidance system substitute for 
the LV guidance system? What are the costs and sharing of the launch operations* 
facilities and equipment? Discussions with industry during the study indicated that 
the MX booster should be considered. 

Launch services, but not Orbiter launch costs were considered in the costing 
information of a Centaur launch vehicle. The Centaur *^** was estimated to cost 
$32M (1984$) and the Centaur-SP, with a single RL-10 engine, was estimated to 
cost $27M (198*$). In some cases the Centaur would be recovered. 
S.2.5 BurafoU Coating Estimates 

Atmospheric drops of a "boiler-plate" Space Cruiser by helicopter would cost 
approximately $250K (19S4$) for five drops at the Pasa Robles test range in 
California. To conduct the tests at a military test range would cost as mudi as 
$500K (1984$). 

SJ REFERENCE COSTS 

93.1 X«i5 ftogram Costs (References 10 and 1 1) 

Although the X-13 Program occurred 20 years ago, the similarity of that 
program to the proposed Space Cruiser R&D program malces it more directly 
comparable than any other program. Both are manned vehicles with redundant/ 
emergency systems and are relatively small airframes. A total of 27 X*i5 flights 
were flown in 1964 at an average cost of $602K (1964$). This is equivalent to 
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$lt906,87« in 1984 doUars. Table 0 reflects the Initial X-15 Program costs that 
have been inflated from 196* to 19M dollars. As noted earlier in this costing 
discussion, several of the XA5 subsystems are not applicable to tiie design of the 
Space Cruiser. Table HI projects a cost per pound (kilogram) of selected X«15 
systems. Note that tiie Space Cruiser is approximately one half the length of the 
X-15 and has a dry weight of approximately cme-third the dry weight of the X*15. 



iSJ2 Shuttle-Laundied Research Vchide (SLRV) Program Costs 

A cost-benefits analysis of the SLRV concept technology development planning 
was conducted by NASA uting two classes of vehicle. The primary difference 
between the two programs depicted in TABLE IV to the Navigation, Guidance and 
Control Subsystems of the SLRV. The SLRV*s are smaller than the Space Cruiser 
and are unmanned (Reference 12). 
tJ33 Maneuvering Reentry Research Vehicle (MRRV) ftogram Costs 

Preliminary MRRV lifting-body research vehicle cost estimates were dev<^l- 
oped for acqutoition and five years of operational costs. Historical data from the 
X-15 and HiMAT programs were the basto for the <mgineering labor costs shown in 
TABLE V. Manufacturing hours were based on hours per pound for each t>-pe of 
construction. The MRRV to comparable to the Space Cruiser in length and weight 
but to unmanned and has a siibstantiaily more complicated, flat-bottomed winged 
lifting body shape (Reference 13). 
otj^ TrMsaunospnenc venicie it a vi irogram ijosis 

Life Cycle Cost (LCC) estimate for the TAV were generated by vehicle 
contractors based on the following scenario: 

o 1995 Initial Operating CapabiUty QOC) 

o 50 vehicle fleet 

o 1995-2115 (20 year) operational period 
o 100 flights per year 
o 10 bases 
o 1983 dollars 

The TAV to a large lifting-body reentry vehicle and to launched with its own 
launch vehicle. The TAV*s require technology advances^ are very large in 
comparison with the Space Cruiser and are manned. Due to the large uncertainties 
of the vehicle concept definition, at thto early stage in the program the cost 
estimates of the progr^^m (excluding payloads) varied greatly as follows: 
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$5-l» 


$5.1.15.26 


Vdiicle Production ft FadUties 


$25.«0B 


$25.«-«0.7B 


Operations 


$10.30B 


$10.2-30.56 


(Cost per flight s 


$9-15M 


5.1-15.28) 


Total LCC 


$40-808 


$40.7-S1.38 



These data were provided from Reference 14. 
8J» COSTSUIUIARY 

Cost avoidance can be realized relative to other vehicle concepts in the Space 
Cruiser R&D program because subsystems normally used with vehicles are not 
required and because off-of •the-shelf subsystems and components can be used, the 
cost estimates reviewed in the survey and study evaluations are quite different due 
to the size of programs evaluated and oistlng methodology used. The TAV study 
concluded that a uniform cost analysis must be established for determining the cost 
of the TA V*s because there were so many uncertainties in cost data generated by the 
contractors at this early stage of TAV definition* Vehicle and concept data were 
shown to be needed in conjunction with historical costs of spaceplane programs in 
generating a uniform comparison of TAV concepts and configuration types* It would 
seem appropriate to ..ipt to cost out the Space Cruiser with the resultant 
uniform procedure for a relative measure of cost with the TAV. 
^> Because the X-15 was the last comparable manned vehicle program, more 

credence has been given to the historical development and operational costs of that 
program. The cost per flight of 77 X-15 flights cost was $602K (1964$) which is 
$lt907K in 1984 dollars. Considering the X-15 subsystems that are not required and 



^ the off-of«»the-shelf subsystems and equipment that can be used in the Space 



Cruiser, the figure of $2M per Space Cruiser flight plus launch veMde costs obtains. 
^ Unlilce the X-15 program the Space Cruiser would carry payloads internally and 

extemallyt has endurance, goes to orbit and can provide on-orbit services to 
.^^ satellites and its payloads. Therefore, the benefits, cost-sharing and reimburse- 

ments should be included wtnn available in determining the net cost as the true cost 
of acquisition and operations. 
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TABLE n - DOTUtL X.15 ntOGRMI OOSn 



(Referance 10) 



Ow^ millions 
of dollars 



8»$ 



Percentage 
of total 



Airframe- 

Oevelopment and flight tests 

3 airframes 
Subtotal 
Engine- 

Development 

10 roctet engines 
Subtotal 
Aircraft systems « 

Auxiliary power units 

Ihertlal fliglit data systems 

Adaptive control qrstems 

Flow-direction sensor (ball nose) 

Pressure suits 
Subtotal 

Aerospace ground equipinent (AGE) and 
peripheral equipment - 



«9.90 
23.51 
73.«1 



43.79 
10.0» 
33.S3 




15S.06 
7».»7 
232.53 

138.71 
31.80 
170.51 

?.55 
10.77 
7.29 
1.90 
.»8 
28.98 



«5 



33 



Launch pl2tform (modify two B-52 airplane^ 


3.26 


10.33 




Airframe AGE and ^>ares 


6.70 


21.22 




Engine AGE and spares 


4.06 


12.86 




Systems spares 


.10 


.32 




Propulsion system test stand 


.41 


1.30 




Monitoring station construction 


5.81 


18.40 




Mission control 


6.07 


19.22 




Subtotal 


26.41 


83.66 


16 


Total 


162.80 


515.68 


100 
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TAlLEIIf 



TYPKAL SU»r OemjOflieiir PMOGMM COSTS 
AM> VOKK MEMmCMm OBnUMfnONS 



SLRV Ballistic SLRV MMieuvcrii« 

Tasks Test Vehicle Test Veliicle 

Program Management S% 9% 

System Engineering 10% 13% 
Subsystem Deveiopnient 

. Shield/Structure S/S »% 12% 

. Separation S/S 9% 1% 

Recovery S/S (% 9% 

- NGftSS/S 7% 26% 

- EP&OI&CS/S 15% 11% 
. Specialty S/S Oements 7% «% 

Assembly and Integration 9% 7% 

System Test Programs 7% 9% 

AGE/TSE ^% _5% 

Total Cost: 19S0 $ $20 - 2«M $46 - 53M 

1984 $ $25 • 30M $57 - 69M 



(Reference 12) 



Acronyms: 



S/S - Sub-System 

NG&C - Navigation, Guidance & Control Subsystem 

EP&O - Electrical Power & Oistrilnition Subsystem 

I&C - Instrumentation & Communication Sultsystem 



TABLE V 

yRRV PROGRAM COST ESTIMATES 



Catecory 


Cost in Dollars 




791 


84 $ 


Engineering 


21,599,000 


29,730,213 


Tooling labor 


8,532,000 


11,743,978 


Manufacturing labor 


10,556,000 


14,529,938 


Material (cost in dollars): 


5,2«2,000 


7,215,416 


Manufacturing 


1,284,600 


1,768,204 


Tooling 


1,493,500 


2,055,747 


Subsystems 


1,690,000 


2,326,222 


Engineering 


779,200 


1,072,540 


Propulsion system 


347,000 


447,632 


Subtotal acquisition ^ 


46,276,000 


63,697,178 


Operational and siq)port cost {5 years) 


35,612,000 


49,018,582 


Total program cost (two vehicles) 


$ 81,888,000 


$ 112,715,760 



^ Acquisition cost based on X-15 and HIMAT data 
(Rei^.-rence 13) 
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9^ COHCLUSiONS 



Th« section summarizes the major condusions resulting from the study^ 

1. Given the high cost of space vehicles and operations and the Umitations on funding, a 
prospective research vehicle must serve a broad range of beneficiaries and perform 
cost-ef f ectively over a wide scope of research and technolo^es. 

2. The national survey evidenced a broad range of beneficiaries which could benefit 
from use of the research vehicle. It also evidenced the broad scope and depth of 
research and technology tasks of interest to those surveyed. The key question 
remaining is the cost effectiveness to the researcher of performing the tasks. 

3. The number of proposed operational applications suggested by survey respondents 
suggests that there will be an evolution of the Space Cruiser from a research vehicle 
into an operational vehicle with numerous mUltary appUcations. 

*. Smallness of size and weight coupled with the optimalization of energy management 
are the overall design specifications for the Space Cruiser concept. L/D must be 
traded-off with low vehicular weighti mass ratio, launch performance, low drag for 
minimization of velocity loss during low-lift fUght phases, etc. The Space Cruiser 
configuration is responsive to this system performance evaluation approach. It is 
capable of full-envelope cislunar, transatmospheric and endoatmospheric flight wltii 
the maximum payload-velocity map. 

5. The STAR program would provide research and technology support to the Shuttle, 
future manned space vehicles, future unmanned space vehicles, future transat- 
mospheric vehicles and hypersonic vehicles. 

6. The development of a man-rated launch vehicle from the MX booster stack would 
provide significant operational advantages in terms of responsiveness and autonomy. 
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7. The near-term air-launched LV concept i>ased on the use of Titan and RL-10 engines 
and dropping from the 747-200F would potentially be the most flexible and cost- 
effective laundi system. The associated use of stage-stations appears especially 
cost-effective and may provide a source of income. 

8. The Air Force Aerospace Medical Division has stated a need for a Space Cruiser type 
vehicle for carrying out its military man-in-space responsibilities. 

9. The Space Cruiser system will meet needs of the Strategic Defense Initiative in 
terms of on-orbit utility and research support. 

10. A test concept is suggested for evaluation in which the Cruiser would perform one or 
more endoatmospheric passes from the Orbiter, with return to the Orbiter for 
inspection before full reentry and landing. 

11. The potential exists for using the standard or a special-purpose Parafoil instead of 
the vehicular body for plane changing. If feasible, the energy management gains 
would be dramatic and the Space Cruiser could be used to perform the Parafoil plane- 
changing research. 

12. Cost-sharing space system development and operations is becoming the economic and 
political standard. Therefore, the potential exists for dramatic reduction in Air 
Force funding required for acquisition and use of the research spaceplane. 
Commercial application of the Space Cruiser raises the possibility of low or no-cost 
development in terms of funding of contractors. 

13. NASA has no plans to build a Space Cruiser type vehicle. 



76 



lOO RECOMMENDATIONS 



As a result of the STAR study the following recommendations are made: 

1. It is recommended that the Air Force consider the need for the STAR research 
vehicle thoroughly* This consideration should include the evaluation of the potential 
for dramatic reduction in Air Force funding required for acquisition and use of the 
Space Cruiser as a result of cost-sharing. 

2. It is recommended that a balanced, technical joint DARPA/Air Force/Industry 
worldng group be organized by the Air Force to specify the key technical questions of 
and the key needs for the research vehicle. 

3. It is recommended that the Strategic Air Command and the Space Command examine 
the operations capabilities of the fuU-envelope STAR Space Cruiser and its enabling 
of operational requirements* 

4. From a technical development point of view there are several concepts introduced by 
the study that appear to warrant further work. Recommended ares 

(a) The air launched launch vehicle concept for launch from under the 747«200F. 
Cb) The distributedy stage-station concept. 

(c) The use of the Parafoil type deployable surface for maneuvering in the upper 
atmosphere at entry speeds. This work should include analysis of flying to the 
ground with the Parafoil. 

5. Examination of man-rating and adapting the MX booster as a launch vehicle is 
recommended. Launch sitesy support and cost should be included. 

6. his recommended that funding for the Space Cruiser and STAR concept development 
be continued until the consideration of the STAR research program has resulted in a 
decision to move ahead or end the project. It is recommended further that one or 
more major system manufacturers be funded to detail the Space Cruiser and STAR 
program work to provide development and operational schedules and costs. 
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SURVEY LETTER AND SAMPLE REPLIES 



This Appendix contains the DCS Corporation survey letter with attachments and 
copies of suggested tasks submitted by four different corporations in response to the 
swvey letter. 

The responses included herein were selected on the basis of being more complete 
and detailed and aiso on the baste of presenting the most realistic and promising of the 
taslcs« Responses suggesting tasks for each of the three broad categories of tasks were 
selecteds The Air Force Aerospace Medicai Division and LTV Aerospace and Defense 
Company recommended tasks that could be accomplished by the Space Cruiser; tlie 
Aerojet TechSystems Company suggested projects that should be accomplished for the 
development of the Space Cruiser; and the Emerson Electric Company and Ball Aerospace 
Systems Division recommended operational applications of the Space Cruiser. These 
letter responses and their suggested tasks are aiso included in thte appendisu 
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DCd COAPOftATION lOSS N. Fairfax Street • Alexandria. Virginia 22314 * (703) 683-8- 



Mrtary 2«, 198* 



Mr. G. L. Sayre 

Bail Aerospace ^fsteim Diidsion 
Box 1062 
Industrial Park 
Boulder, CO 80306 



Dear Mr. Sayret 

Our Spaceplane Technology and Research (STAR) planning oantract» sponsored by the 
Defense Advanced Research Projects Agency (OARPA), requires DCS Corporation to 
search for potential research and technology tasks suited to accmnplishmcnt by a new 
generic type of manned aircraft (spaceplane) termed the "Space Cruiser." Please 
interpret this letter as a request for information, at no coft» helpful to the Government 
in determining the scope, utiUty and value of the Space Crtdaer as a re s e ar ch aircraft. 

The Space Cruiser system is configured for efficient manned and unmanned 
endoatmospheric, transatmospheric, earth orbit and dsiunar operations. The smaU size 
and low weight of the clean aircraft assure that it need only occupy a small portion of the 
volume and weight-carrying capability of the Shuttled Orblter and that its cost-to-orbit 
will be the minimum. It can also be launched by expendable launch vehicles such as the 
MX booster stadc. Addition of external pcopellant tenia or a propuls'on mo^ such as 
the wide-body Centaur (less avionics) results in payload-veloc'ty envelopes compatible 
with geosynchronous and dsiunar operations or substantial orbital altitude changes of 
large external payioads. 

Research, development and technology tasks can be done in vehicular systems and 
subsystems; hypersonic flight up through entry speeds, aerobraking} atmospheric and space 

environmental phenomena; space operations, m a nagement and control; etc. The Speoe 
Cruiser can carry modest size internal payioads and essentiaUy unlimited external 
payioads. Research on payioads and payload synergistics with the manned vehicle and 
extra-vehicular activity may turn out to be the most enduring and beneficial category of 
tasks for the STAR propam. Further, "hands-on" «9aricnee and evaluatian of military 
man-ln-space in the small, omni-mission spaceplane should provide the answers re^iired 
prior to major system acquisition of mUltvy space vehicles and complement the answers 
being obtained from the Shuttle program for the larger, logistic and spaoe-eutlan type 
vehicles. 

In short, we are requesting spedfic research, development and technology task 
descriptions that you believe to be ^ value and suited to the Space Cruiser and/or its 
payioads. 
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AN EQUAL OmMTUnrrV EMn.OYE(l 



I* 



The enclosure is provided as additional Information that may be immediately helpful In 
determining your response and of assistance to those preparing the information. Please 
note that the period for preparation and incorporation of the research, technology and 
development task descriptions is quite short. Ihe representative at DARPA is Lt. CoL 
' [ 3ames N* Allbum (DARPA/TTO) and at the Headquarters Air Force Systems Command 

I LU Col. Darryl W. Smith (HqAFSC/XRB). Should your organization have any questions 

! ^ regarding this request for informationt please call me att (703) office or 



4 



S IN 



(703)525-3335 residence* 

\> It b our hope that you will find the prospect of the Space Cruiser as a research vehicle an 

,<! exciting one and that your suggestions for its use will add to its value in the national 



I 



It 



I 



Interest. 

Very truly yours. 



Fred W« Redding, 3ir« 
STAR ftoject Manager 



\:} Assistant to the Resident for 

' Concept Development 



Enclosure 



ocf Lt. Col. 3ames N. Allbum 
v. Lt. Col. Darryl W. Smith (COR) 



•AS 

> - #- ^ 
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ATTACHMENT 



Spacaplane Technology and Research (STAR) request for information I page 



Response Guideline 2 pages 



Space Cruiser Description 2 pages 



STAR Vehicle Representative Specifications 1 page 
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Spaocplane Teehnolocf and Research ^AR) raqunt for information 



Raquestinc SpedSic reaaardw tcdmoloQr or deve te p reant ta^a/d^arimanti for the 
Space Cndaer as a reaeerch aircraft. 

Rciest recioient» Craa»4ectkon «f a eros p e c e industry, from component to ma|or 
system manuf a c air era t private and Government iaboraterie^ military services; 
dspartmcnt of Oeisnse Assnciesi NASA; oemmerdaL 

Requestor: DCS Corporation, 1055 N. Fairfax Street, AJeandrIa, Virginia 2291* 
Attentions F. W. Redding 3r^ Phonet (703) 6t3^30| contract MDA9Q3 H C 0 0 87. 

Response data» Mail two wea fc a from receiving thb request. If additional time needed^ 
please notify the requester. 

Re»ense forreatt biforfflaL No p ropt i e ta i y Intermailon at tMs time. Unelaaiified 
response pre f er r ed. ClassificatlOB ihfou|h SECRET can be arrai^ed Badcup or 
refarenoe malarial will be appreciated 

Response fluidaMntT (Attached) 
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BsspoNse GUBeLme 



TMft fellowiiiB pdiitBm is ofterad for }wr im iMiit in tlit prapanticn of 
STAR tMk i nl or mi t i on «d « taptdit Mr undmnding and um of tho roMlting 
inforiMitiau PImm -^Id wtetovor you boIlM^ mqr bo hilpM. 

Tho torm noil^ is uMd taroin flpr its bcoviqr« It sIgpiSos «ny oporimcntt projoct, 
opormtion» otc> to bo occ^mpliihod liw wHh, or by iho STAR rtjooj ch votiiclo> 

To msjdmizo tho coot-€ffoctlvono« of STAR opormtlons it wiU bo important to 
^^mbino or intagrmto ta*s and to porform as many to*i par fligttt as pr Thoro 
is room for and wo aro looking for tho smallortoAs as vol! as tho large 

Namo of oaporimonti 

mgM 

1* Organigationt 

(Cofflpanyy LabQratory» Agency, etc) 

2. Principal bivostigator: 

3. Liaison office or prnom (If different from Principal investigator) 
Beneficiary categorioai (Pleoso idantify those to benefit the most ) 

Industry Scienca 



labo ra tory Aircraft 

liiUtary Spoo^teies 

[Government SatoUtas 
[tatemationai Soeco Station 

' Insurers/Investors Othsr vehicies 

Other M« 



5« Brief task descriptions 

(Then please include complete description as Item i3) 

6# Key results desired! 

7. Potential valueA>enefits: 

t. Schedule estimates 

(Start/completion/Key phases/Number of flights/Schedule smsitivity/etc.) 

9. Taste-subject categoriesi 

(Please identify those relevant and clarify where helpfuO 

Man-in space 
Internal payloads 
External payloads 

Vehicular system/suhsystem/components 
• Controls/displays 

Ufesupport 

Aerothermodynamics 
Materials 

Structures 

Space operations 

Flight support 

Flight control/command 

Launch 

Recovery 

Phenomenology 

Other 

10. Plight profile or parameters during the exoeriment: 
Ih Anf critical or unusual handling/support reqidrementsi 

12. Comments relative to doing task without the STAR reiearch vehicles (Le. by other 
means) 

13. Task Descriptions 

o Informal 

o Recipients format 

o Attached or separate 

o Where helpful* note what is firm» potentialf estimated; gumed» e^ 

o Whatf why* how* whsrOf when 
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SPACE CRUISER DESCRIPTION 



GENERAL DESIGN GOALS 

o Minimum wei^t and volume... Optimizes the research vdiicleH payioad and velocity 
to orbit during the launch phase. Maximizes the available payload-velocity and 
permits reduction in transit time during maneuvers. 

o Modular system... External carry of payioad, propellantt stages, life support 
cotisumables, support equipment and sidecars* Ground and on-orbit replacement of 
the nose section with its internal power supply and the primary payioad bay. 

o Synergistic-maneuverable... The high velocity required for a substantial plane 
change in low earth orbit results in high pay«off for lifting-turn plane change 
followed by propelled return to orbital f Uf^t. 

o Launch options... Shuttle; air and ground launched expendable launch vehicles, 
future reusable launch vehicles. 

o Austere-site landing... Capability to land at unprepared tites, helicopter-suitable 
areas, etc. 

o Unmanned mode... Rescue, high-risk flights, cache on-orbit and high-g 
. endoatmospheric flights. 

o State-of-the-Art... Accomplish the above within the state-of-the-art and where 
practical, using developed or under development hardware. 

o Minimize cost... &^nall vehicle, reusable, rapid turn-around, maximum payioad per 
flight, maximum maneuverability, minimum launch cost, austere control^ and 
recovery support, state-of-the art. 

o Launch and forget/listen... Autonomous option with respect to ground operations. 

o Cisltmar operations... Go where the satellites are or can go. Jn velocity la^we 
orbital altitudes comparable to the lunar distance result Imm velocities doee to 
those for attaining synchronous altitude. Ihis capability would be phased with the 
Centaur upper stage program. 




B-S 



DESCRIPTION COMMENTS 

SScete««»rS»tw No nozrto are looted in 

S??»S^2^^on structure (TPS) with thU a^^^ The nose can be remojred aijd 
in its extended position. Alter luU extension the nose can fold aft 
SlSl iSti «u£ed^S^^Se^ while in the folded position. After the nose is 

bulkhead or rii« to attach the external payloads. 

The pUot is seated at the aft end In a seat or couch which can be raised until the 
oUof s head is outboard, similar to an open-cockpit aircraft. In the raised position the 
puSt caTview the exinal payioad. Alio, the pUot can view the forward P*ytoad b^ 
Contents when the top panel or door is open. There are two payioad bays, one In the nose 
Mcdon and the other lnti»e aft end within the plu8.<luster-englne (PCE) noizles. 

Landing is by controllable lifting parachute or TarafoU*. The parafoU Is deplored 
from near the vehldePs center of gravity after d^loyment o\^^^^J^'^l^^;S:**^ 
the PCE pl(« volume. After deployment and dlsreeflng of tne lifting parachute the 
Cruiser assumes a horizontal attitude for flight to the ground. 

A lifting aerobrake can be located in tite aft payioad bay for atmospheric aitry and 
aerobrakingwitiiotiwrwise excessive entry speeds. The lifting aerobrake is reusable. 

An S Dsl EMU or spacesult, under development, b planned. This suit eUminatM the 
roqulreSi«rfi prebrSS^ before flight. The portable Mf «PPort bade pack to 
5teSSi»le before iwnch and after landing. EVA does not include an umbUlcaL Pall 
ooerational/faU-safe design criteria are used for environmental control and Ufe Mpport. 
JSvedSuid coola«ts«?used with celdpUtes for heat ^f',^^^^';;^ 
hardlrare such as avionics. A helmet mounted, internal virtual-Image dbpl^ to provided. 
Voice control of and through ti»e computer to planned. An autonomous optical navlgwor 
ISSiSSy similar to1& GPS to plann^ Ring User gyro inertial platforms are wjd 
to tiiTSwSce and navigation systmn. MonopropeUant-drlven auxUlarypDwer un^tt 
RpuiVe provided and iSlegrat«lwlti»tiie rechargeable power b«^ Theaireraftto 

aU-«leetric with no hydraulics. 

The PCE has 16 nozzles with h wk p end en t on-«ff control for thrust vector and thrutr 
magnitude control, eliminating actuators. 

The orooellants aro nitrogen tetroxide as the oxidizer and a proprietary amine blend 
forfueL TlwfueltoataousedMthe monopropellantintiwAPlPs. The PCE nozzles are 
ffl5J-S;ie4 The attiSSeoSitrol .yiSlE^JSles mounted at tiie nose f oM andijtii 
SITSIoprSJde slx-degreeHrf-freedom attitude and transtotion controL MMienMrn 
wlwato aro orovlded for fine attitude oontroL A mercury trim control system to ineiuaed 
S^!!L?««rttoC^ Trim to important for reentry sttblgir. It to expected 
that outboard propellant tanks wiU be saddle-mounted to protect the TPS. 

The Centaur upper stage to used as tite external cryogenic pr«»pulsion mo<*ile or 
stage. lS»e^dI5o5xenttS could be modified by roptoclng the twoRL-lO «n8ln« wltii 
rti&e RL-lODerStive IB engine. For overspeed reentry witii the Centaur a lifting 
a«roSnke would be attached to the aft end of tiw Centaur. 
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STAR VEHICLE REPRESENTATIVE SPECIFICATIpNS^ 

Conical* Cone-EUipse* 

(Where Different) 



Velocity with internal propellants 
Velocity with cryogenic propulsion 
Total velocity (stages) without payload 
Payload to geosyndvonous orbit 
Velocity to payload of 160,000 Ibm 
(with Centaur propulsion mobile) 

Endurance with internal consumables 
Endurance with external consumables 

I. 

Number of aircraft per Orbiter bry 
with internal propeilant 
with Centaur cryogenic propulsion module 

Launch options 
Shuttle 
MX booster 
Aircraft launch 
Others possible 

Recovery 
Paraf oil flying parachute 
Unprepared site 
HeUcopter-compatible site 

Turnaround time 



4000 fps 
23000fps 
29000 fps 
10000-12000 ibm 
3700 fps 



SOOOfps 



24 hr 
days to weeks 



S max. 

1 



Similar to High 
Performance Aircraft 



Crew 
PUot 

Multiple-passenger sidecars in space 

Weight 
Dry 
Wet 

Wet with auxiliary fuel in bays 

Payload bay volumes 
Nose bay 22dia x 15.2dla x M .3 length 
APT bay 

Vehicle length 



MOO Ibm 
XOOlbm 
«900lbm 



6 deleft, 
^oibicfta 



Pilot ^ 1 crew (option 
with propeilant off-load) 



10000 Ibm 



Adds appx. 20 able ft. 
option about the CG 



26 tt. 



•Refers to the general configuration of the STAR vehicle selection to be made later. EUiPse 
to the cross-section shape of the vehicle. 
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DEPARTMENT OF THE AIR FORCE 



MCAOQUAlVfCfl9 AtnOS^ACC MCOCAL DIVISION lArso 
CMOOM!* AM fCMCK liA«ML T««A» 70^39 



ailW 1384 



Mr Fred tf« Redding » Jr 
STAR Project Itauger 
DCS Corporation 
1035 N. Fairfax Street 
Alexandria, Virginia 22314 

Dear Mr Redding 

Thank you for the inf onution you forwarded to m concerning the Space Cruiser 
aa a reaearch vehicle. My initial reaponae ia - let 'a get it flying I The one 
aieaing link m now have in the apace RftD area ia a vehicle apecif ically de- 
signed to do R&D* The Shnttle is being aarketed as aa operatimial systea, and 
rightly so. Aa snch» however » aay RgO, at leaat ia hiotechaology areas, ia 
given a secondary priority* Departaeat of Oefenae Space biotechnologj RftD 
becoaes even a lower priority aubaet of the aystsa* 

The Aeroapace Medical Diviaioa (AMD) haa beea taaked by several directivee to 
explore the ailitary utility of aaa»ia-spaee and exploit an' a unique capabl- 
litiea in enhancing ailitary space ayateas. »e have consequeady developed 
a Military Space Biotechnology RAD prograa which covers exploratory and 
advanced developaent areea. He have beea careful to keep our prograa cloaely 
coordinated with the KASA Life Scieneea RAD progrsa in order to avoid rediitt^ 
dancy in areaa of coaaon intereat. Wm have developed several huaaa per- 
f oraance experiaenta which require aa orbital platf ora and have therefore 
atteapted to tap into the XA8A aye tea for Shuttle flighta* Ihia has been 
fraught with probleaa of coordination » differences ia priorities sad the fact 
that RASA haa ita own RAD prograas to conaider. The DOD haa need of a vehicle 
which will provide a aanned orbital platf ora for exploring aaas' ailitary 
utility in orbit* Ifolaaa we (the DoD) are given the toolot we won't be able 
to do our Job. In order to do RAD for aan ia apace, we need to be able to 
have free RAD access to space. 

In ay estiaation, the Space Cruiaer flUa the bill, lis have direction to do 
space RAD, but as yet, we have been deprived of the necessary tool to do ao. 
I aa attaching a brief deacrlption of our prograa which clearly Juatlf lea the 
exlatence of the cruiser. 

Pleaae keep ia touch and appriae ua of any pngreaa in the Space Cruiaer 
developaent. 




RUfB J. UCIAMI, MU, OSAT, MC, FS 
Director, Aeroapace Medicine RAD 
Research, Developaent and Acqoiaition 



1 Atch 

Space Biotech Prograa 
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miTMY SPACE BIOTBCHNOIOCY PROGRAM 
AEROSPACE MEDICAL OZVZSXOIl (AFSC) 



TlM pcodoets of ehl« prettas can b« gnop^ lato foot mJov c«ur»ri«« •r 
chroaca: ParfetMaea Bffacea mod Barfomaea lahaaewaoc vhieh ara 
■aehlaa latagraUoa fnecloofl cooeana, aad ai«»*^ »^ti?tl CMaeai 
ahleh ara e«av sK^aeciaa fvaeclaaal 



With raapaet to ■aa-aac hla a lacattacloa, eha objaetiira U to 

•a latagratloa lata aUltacr apaea ayataM, Khattaar Im ba gtaoad baaad or 
apaea baaad* lha eoaaldaratioa of aaa la tha ayataa aaac ba iaeorperatai la 
tha laltlal daalga atagoa of tlM ^taa for optiaaa atUiqr of tiM aatira 
•yataa. Aaaa Eaglaaarlat eoneapca aoat ba aaployad to optlaiaa tba 
parforaaaea of tha latagratad aaar«acbiaa ajataa. Ihli factor bacoaaa 
axtraaaly erltleat for allltary ayataaa la ahleh eoofUet aanaiiaanr aaf ba 
aa objaetl^, aad aatlooal aaearity tba goal* 

lha lavaatlgatloa of Parforaaaea If f aeta «1U ptodaea a foaatif laUa data 
baaa of tha aariro— a at al affaeta oa aaa aa a eaatrol ^taa* tradtefeabU 
eaapcoiaaaa la hU aatpat foaetloaa aa a eoacrallar, laforiaBClok ptfMaaaer 
aad d a c iat aa wkor aaat ba qoaatlf lad to atalaata tbalr iay^t aa tha 
aUitarj ataaloa. Ika'o parforaaaea ra^airaaaata aad iherteaal^ aaat ba * 
bafora adaqaata aad optlMl aahancla g taehai^ eaa ba daMlaaad to 
- tha tlMly, affielaat eeapiattoa of tha alaatoa. 



Tha throat addraaalag Hrforaaaea "libancaaant viU, prad« 

aaglaaarlag aaaaara to aaj qoaa t l f ta d parf oraBBca ahorteaal^o uhlch atght 
eeaproalaa tha alaalea. Eaglaaarlag tachatfaaa oat^ caatraU, dtaftaya. 

lataUlgaaea aad other parforaaaea astoadara (e.g. talaeparatora) 
«iU ba pradaead aa oKtrlaale a nh aa e a r a. -Wmm faetora aad eybaraatte 
tachatqoea aad •jrataao alll ba pcadaead ea adMaea aaa'a lataraal oMti 
(a«g« aaaraaweolar iapac aahaaearo)* 



Xa ttti eraa prataetloa faaetiaa, tha ohjaetiva is to _ 
prataatloa aad aanriiMblllty la dM aUitary apaea baaad aatlxooMat. — 
praflMa^ atatad, tha apaea ■ aw i raMain rV l o l a gi ca l ly hoatiia to aaa. hae 
tm prohlaaa of addlflmial atraaaaie ^itfrl apaelf ieally aith tha 
^tary ayataa (e.g. a eealawm aaa. lafawatfaa diaplaya, ate) aaat alao ba 
add raaa ad* lha aaaa a aa an t of ralavaat Hoaadicil If faeta «U1 aar ba 
■ *i r a a aad by idvaaead Taehaology Bwalopaaat (€.3). 



If facte atU raij aolaly oa 
• «aactftaMla data baaa of pbyaftological 

lat Itaalf. Iitlnglr coapm 

I, have baea aad mnHfM to 

oaet bo aaaaaaad la tha tidft 

of cpaclfic aUltary aiaaioa raviiraaaaca. fhtc data baaa ic accaatlUta 
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ord€r to 'd€v«lop conunMturos md to prlprltiM thac dovolopMat for ttao 
bote eooc/boMfit ncio* 



Tho oppllcatloBO of thm BloMcholeol CouatomMooarto thrust oro ofcvioyo* 
Tho coaatocMOOuroo dovolopod viU bo dooitnod to ollsliuto tho oovlrooMOtol 
offocto ^uootiflod la tho first thrust sros« Iho products vlll bo tochalquos 
sod/or hsrdtisro doslgaod to provoat potoatlsl ailitsry alssloa coaproslso 
esw«^d bgr oavlrooMatal bloMdlcsl offocts» sad thoroby sugaoat asa's 
sffoctliwMSs la tho aaapoa systoa* 
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LTV Aerospacejmd Defence Company 




10 April 1984 



Nr. Fred W. Redding. Jr. 
SUr Project Manager 
Assistant to the President for 

Concept Oevelopnent 
DCS Corporation 
1055 N. Fairfax Street 
Alexandria. Virginia 22314 

Dear Nr. Redding: 

Reference Is made to your letter to Nr. Robert L. Kirfc dated 
14 February 1984. pertaining to the subject of potential re- 
search and technology tasks suited for acco^illshoMfit by the 
Space Cruiser. In response to your request we have surveyed 
our oraanlzatlon and are formrdlng the results to you In 
accordance with the suggested fomat. 

I trust you will find these subnlsslons useful and responsive 
to your needs. A copy of your final report, when available, 
would be greatly appreciated. 

Sincerely, 




F. U. Fenter 



AttachRents 
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STAR TASK DESCRIPTION SUMMARY 



Task T1 11 e: Conponcnt Tests for ExoatwosDherie g 1ectrBiMmwt<ganv- 

Uimched (EMI) Guided Pmiectne . 

Vought Missiles and Advanced Programs Division 
Post Office Box 225907 
Dallas, Texas 75265 

Principal Investloator: Dr. H. M. Tamer 

Focal Point: Dr. C. H. Halaht 

Beneficiary Categories: (Please rank top five) 

Industry • Science 

Comnerclal X Technology 

Laboratory Aircraft 

X Military Spaceplanes 

^ Government Satellites 

. : International Space Station 

Insurers/Investors • Other Vehicles 

, Other 

' Brief Task Description: (please include complete description on last page) 

Determine accuracy of spaga-ranyn ne yHHaH p^nj^^^^i^ -^t^^j 

packaging and aff/a^loed hantoniny M^jn r^it^^^^ 



Key Results Desired: 

Validate EML guided projectile component designs for prototyping^ 



Potential Value/Benefits:_ 

Extension of preliminary ground«1ocated demonstrator resu1ts» 
limited by endoatmospheric environments to full scale validation^ 
Applicable to boost«phase and mid^urse BHD intercepts 



STAR TASK DESCRIPTION SUMMARY (CONT'D) 



Schedule Estimate: 

(Start/CcjBpUtion/Key Phases/Nunber of Flights/Schedule Sensitivity/etc.) 
Start 1W/fnmrlPtf 19fl9 — 



Phase I; launch Simulation - Projectile Accuracy 



Phase II; EM Launch-Projectile Accuracy 



Four Flight MInlwum/SDI Schedule Sensitivity 



Task Subject Categories: (Please Identify those relevant and clarify where 

helpful) 

• Man In space Structures 

X Internal payloads . Space operations 



^ External Pay loads Flight support 

Vehicular systen/subsysteo/ Flight control/coomand 

Uunch 

Controls/dlsplvs _ ^^^^ 

Life Support Phenomenology 

_ Aerothemoclynamlcs 
Materials 

Category elaborated In Space Defense Initiatives fSDi\ Pmgr-., 



Flight Profile or Parameters During the Experiments: 
To be determined ■ 



Any Critical or Unusual Handling/Support Requirements: 
Phase I - Projectile Launch Velocity r.ai«MHi><>c 
Phase II - EMP effect on Space CmU^r rrmm.^. 



Coranents Relative to Doing Task Without the STAR Research Vehicle: 



STAR TASK DESCRIPTION SUMMARY (COCT'O) 



TASK OESCRIPTIONt (Please Include a problem statement, objectlve(s) and a 
reconmended approach) 

Phase 1; launch Slwilatlon - ProiectUft Accurarv. , ' — 



Impart w^oritv ixf fi-ft Km/w .p«^^,.#» 

or auxiliary propulsion and utilize command and homing Space 
Cruiser module to guide projectile to simulated battle space 
(up to 1000 icw range). 



Phase Hi gM Laiingh - Pmf>r»n> t^ru^^y \ \ 

; Utilize rallGun owtPmal navlrwH with r«.ln>H«Ki> 

to PML. gMP anH fl,1n««Hfiff arnrf «^«...i«>y f 
yondltiaiit. ^ ; \ 



B-17 



STAR TASK DESCRIPTION SUMMARY 



Task Tftle: Ablative bth avlor of C/C fCarfaon/Cartoii^ ni^m*ip» 

projactllw : 

Vought Missiles and Advanced Programs Division 
Post Office Box 225907 
Dallas. Texas 75265 

Principal investloatort Herbert F. Volk (mataHaUV and 

Focal Puint! To be determined for re-entry 

Beneficiary CategoHes: (Please rank top five) 

Industry Science 

Commercial x Technology 

Laboratory Aircraft 

X Military Spaceplanes 

Government Satellites 

International • Space Station 

Insurers/Investors Mlsslla a Other Vehicles 

^ . Other 

Brtaf Task Description; (plea se Include cowpiete description on last page) 
Determine the ablative behavior and it*: •ffaet an *r»jmt^niy »m> various 
carbon/carbon ccappslte materials, 



Key Results Desired; Ability to se'iect the optimum materials for various 
■ missiles, ranging from ICBMs to rallauw projectiles. 



Potential Value/Benefits: Ablative behavior cannot be fully simulated bn 
earth, proof testing requires actual missile firings. Shcotlng re-entry 
bodies from a space vehicle would be less costly. 
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STAR TASK DESCRIPTION SUMMARY (CONT'D) 



Schedule Estimate: 

(Start/Completion/Key Phases/Number of Flights/Schedule Sensitivity/etc.) 
To be deter«1ned> depends on number of re-entry bodies to be 

Investigated. 



Task Subject Categories: (Please Identify those relevant and clarify where 

helpful) 



Man in space 

Internal p^loads 

External Pay loads 

Vehicular system/subsystem/ 
components 

Controls/displays • • 
Life Support 
Aerothermodynami cs 
Materials 



Structures 

Space operations 

Flight support 

Flight control /command 

Launch 

Recoveiy 

Phenomenology 

Other 



Flight Profile or Parameters During the Experiments:^ 
To be determined 



Any Critical or Unusual Handling/Support Requirements:^ 
No 



Comments Relative to Doing Task Without the STAR Research Vehicle: 
Could be done directly fron shuttle orblter 



?5 
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STAR TASK DESCRIPTION SUMMARY (CONT'D) 



TASK DESCRIPTION; (Please Include a problem statement, obJect1ve(s} and a 
reconmended approach) 

Problem; The ablative behavior of missile nose tips affeet« the trajectory 

and accuracy. This behavior cannot be fully evaluated on earth and reoulre« 

expensive proof-testing throu<»m1ssne flrlnos. Evaluation ^nd optimiratlon 

of materials Is thus very expensive. . 



Objective; Evaluate the ablative behavior and It's effect on tra.lMtorv for 
vartous carbon/carbon re-entry materials In an Inexpensive «anii,.. 

Approach; Fire re-entry nose tips from orbit to simulate desired traieeterv 
Select firing position so that Impact Is on an easily obie rved land area. 
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Yought Missiles and Adv-inced Prcgrcr.s Division 
Post Office Box 225507 
Dallas, Texas 7S263 



TBD 



Principal Investigator:^ 
Focal Point: Dr* C> S> Wells/Dr, J> L, Porter 



Be-ificiary Categories: (Please rank top five) 



Industry 

Conn^rcial 

Laboratory 

Military 

Governirent 

International 

Insurers/ Investors 

Other 



1 



Science 

Technology 

Aircraft 

Spaccplancs 

Satellites 

Space Station 

Other Vehicles 



Brief Task Description: (please include complete description on last page) 
Determine limits of scramjet operation In rarefied atmospheres^ 



Key Results Desired: Verification of scramjet capabilities at suborbital 
altitudes^ ■ 



Potential Value/Benefits; Low weight propulsion for STAR/TAV^tvoe veh'ldg s^ 
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(Start/Ccrplcticn/rtey PhascsAVrtcr of Flicnts/Scnedule Sensitivfty/ctc.) 



TBO 



Task Subject Categories: 



(Please identify those relevant and clarify where 
helpful) 



Man in space 

Internal pay loads 

External Pay loads 

Vehicular system/suosysten:/ 
components 

Controls/displays 

Life Support 

Aero theraodynami cs 

Materials 



Structures 

Space operations 

Fliyht support 

Flight control/co.-ns:and 

Launch 

Recovery 

Phenoinenology 

Other 



Flight Profile or Parameters During the Experiments: Altitude^ Mach and 

fuel flow rate. ; ; 



Any Critical or Unusual Handling/Support Requirements: Thrust balancing 
for external propulsion system^ In-flight instrumentation > 



Comments Relative to Doing Task Without the STAR Research Vehicle: 

Existing propulsion test facilities cannot achieve required conditions^ 
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TASK C£SCai?7IC:{; (Please include a prcblcn statCTant, cbjcctivefs) and a 

reccssiended approach) 

Prob: Effects of rarefied gasdynamics at hypersonic speeds on inlet 

.and combustion stability and performance of a supersonic cgabustlon 

"ramjet" are not well known or understood, 

Defi Determine the limits of Mo^Alt performance, 

Appr: Externally mounted scale propulsion unit with manual controls. 



Task Title: Kaviqation System Validation 



Vousht Missiles and Advanced Prograns Division 
Post Office Sox 225907 
Dalles, Texas 73263 

Principal Investigatorr^JBO ; 

rocal Point! Or, C. S. Wells/Dr. J. I. Porter 
Beneficiary Cateaories: (Please rank top five) 

^ Industry 

S Ccsxtercial 
Laboratory 

1 Military 2_ 

4 Governirent 

[ International 

^ Insurers/ Investors 3_ 

Other 



Brief Task Description: (please Include coralete description on last page) 
Utilize special equipment to provide a brassboard demonstration of this 



Vought'proprletary concepts 



Science 
Technology 
Aircraft 
Spaccp lanes 
Satellites 
Space Station 
Other Vehicles 



Key Results Desired: Validation of the position and velocity determination 
of the vehicle. ' 



Potential Value/Benefits: Improved long-range navigation. 



I- 



i 



(St2r:/Ccr3leticn/;:ey .-hjscs/.V-rscr of rlijr.ts/Sc^i-iul-* Sens::- ;::y/e::.} 



JBDL 



Task Subject Categories: (Please identify those relevant and clcsrifv where 

helpful) 



Man in space 

Internal payloads 

External Payloads 

X Vehicular system/subsyster:/ 
coniponents 

X Controls/displays 

Life Support 

Aero thercody nam cs 

Materials 



Structures 

Space operations 

Fliyht support 

JL. Flight control/ccnrnand 

Launch 

Recovery 

PhencTonolony 
Other 



i 



Flight Profile or Parameters During the Experiments; TBD 



1 



Any Critical or Unusual Handling/Support Requirements; None 



Connents Relative to Doing Task Without the STAR Research Vehicle: 



.Probably 10 times more costiv for thU n«r»i«ilar Air«»r4m. n t to dn it 



VdthOUt Pilot and gnvlmrmipntany pontmn^ Kt»t1nn. 
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TASK DcSCaiPTIGN : (Please include a prcblcr- statement, cb;cc:ive(s) and a 
reccrnendcd approach) 



Approach; Provide validation of brassboard system thru multiple 
ground-track veloclty^posltlon determination^ Alt; Use GPS if 
available. 
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ELECTRONICS & SPACE DIVISION 
tMsnsoM Ktfcrac co. 



14 March 1984 



i 



Mr. Fred w. Redding, Jr. 
DCS Corporation 
1055 N. Fairfax St. 
Alexandria, VA 22314 

Dear Nr. Redding: 

In response to your request for infomation on potential uses 
of the Space Cruiser, Emerson Electric has outlined five tasks 
which we believe to be suitable for the vehicle you describe. 



i 
i 

E 



If you have questions on any o£ the enclosed tasks please contact 
me at 314-553-4521. 

Sincerely » 

Charles -C. Croner 

Manager r Research ft Oevelopoient 



CCC:jhc 
Enclosures (5) 



laccraicoo. 
•MMW aomssANT 
«r irwugMiiBOuwi tarn 

T.m.:C3l«l»3-4521 
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SPACE JUNK COLLECTION 



ITEM 

1. Organization: EMERSON ELECTRIC CO., 8100 H. Florissant 

St. Louis, Missouri 63136 

2. Principal Investigator: R. 0. WELLING 

3. Liaison office or person: N/A 

4. Beneficiary categories: 

Commercial 
Military 
International 
Insurers/Investors 
Space Station 

5. Brief task description: Space Junk Collection 

6. Key results desired: 

Collection and transfer to non-* interfering orbits of non-operational 
orbiting vehicles, debris, 

1. Potential value/benefits: 

o Gain experience with emergency rendezvous, docking with 
disabled vehicles 

o Clear high-value orbital planes, altitudes 

o Remove low-orbit vehicles in hazardous deteriorating orbits 
(especially those with nuclear fuel sources) 

o Collect "junk" in assigned regions for future industrial 
recovery, processing. 

8« Schedule estimate: 
o Time line unknown 

o Flights would surge at front end of program, move to routine 
orbital maintenance schedule (continuous) 

9. Task-subject categories: Space operations 

10* Flight profile or parameters during the experiment: Amono all 
orbital levels 
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Space Junk Collecticn 
Page 2 

ITEM 

11. Critical/unusual handling/support requirements: 
Docking with non-cooperating vehicle 

12. Comments relative to doing task without the STAR research vehicle: 

STAR can perform this task concurrently with other unrelated tasks, 
experiments. It is doubtful a larger or dedicated vehicle would 
be committed exclusively for such a task. 



13. Task Description: 
^ o collect non-operational orbiting vehicles t debris 

^ o Condense collected material within limited neighborhood for 



- Processing 

- Temporary parking 

o Transfer to parking orbit 

- By direct towing 

- Attached boosters 

o Temporary parking point may include external tank for later 
mission to transfer collection to final location. 
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NON-C00F£aA7II^ Vc;axCLE DOCKING SYSTEM 



ITEM 

1. Organization: EMERSON ELECTRIC CO., 8100 Florissant 

St. Louis, Missouri 63136 

2. Principal Investigator: R. D. WELLING 

3. Liaison office or person: N/A 

4. Beneficiary categories: 

Military 
Technology 

5. Brief task description: 
Non-cooperating vehicle docking system 

6. Key results desired: 

o Dock with non-cooperative targets 
o Perform reconaissance, inspection 

7. Potential value/benefits: 
Strategic intelligence value 

8« Schedule estimate: Unknom 

9. Task-subject categories: Space operations 

10. Flight profile or parameters during the experiment: Unknown 

11. Critical/unusual handling/support requirements: 

o Establish physical, non-destructive, non- interfering, 
non-detectable physical connection with non-cooperating 
vehicle 

o Establish rigid link once physical connsction completed 

12. Coonents relative to doing task without the STAR research vehicle: 
o STAR overt mission could screen reconnaissance 

o Multiple STARS make detection monitoring more difficult 
o Dedicated vehicle more conspicuous, expensive 
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3 



Non-Cooperating Vehicle Docking System 



13. Task Description: 

o Rendezvous with vehicle of interest 

o Extend contact/adhesion device 

o Establish rigid link 

o PerfomEVA, reconnaissance 

o Return to STAR 

^ o Sever link 



> 
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TACTICAL THEATER MOLTISENSOR SURVEILLANCE SYSTEM 



ITEM 
1. 

2. 
3. 
4. 
5. 



Or,»i-..tlon. EHEMON EIXCTBC CO., li'^^i^Jl'SjISSi »3»« 

Principal Invaatigator: R. D. MELLIHG 
LiaiAon office or person: N/A 
Beneficiary categories: Military 
Brief task description: 

A quick-response, low-orbit tactical recom^ssanee systeo for 
real-tiae reporting of PHOTINT, ELINT. 

6. Key results desired: 

provide theater and subordinate commanders with on-eall (less th«i 
2 hours) information on enemy dispositions, movenent, location of 
high- threat systems. 



8. 

9. 
10. 
11. 



potential value/benefits: 
o 



Fills gap in battlefield surveillance between TR-1 aircraft 
and strategic reconnaissance satellites 

o Greater survivability than TR-1, greater resolution than 
satellites 

o Detection of lower powered emitters possible, with high view- 
ing angles providing increased dwell time over targets 

Schedule estimate: Unknown 

Task-subject categories: Unknotm 

Flight profile or parameters during the experiment: transatmospherie 

critical/unusual handling/support requirements: 

o Coordinating target locations, time-over target 

o Real-time communication of surveillance data 
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Tactical Thaatar Multisanaor Survaillanca Syatam 
Paga 2 

ITEM 

12, Commants relativa to doing task without tha STAR rasaarch vahiela 
No similar on-call systam axists 

13. Task Oascript ion: 

o STAR payload is multisanaor packaga 

o STAR in stand-by launch or parking orbit configuration 

o Raconnaissanca raqiiast from thaatar conmandar racaivad and 
sats launch or naw orbital paramatars 

o STAR conducts singla or multipla-pass sansings of battla- 
fiald, down links data to commandar for raal-tima procassing« 
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ORBITAL VEHICLE TEST/DIAGNOSTIC SYSTEM 



ITEM 

1. Oroanlzation: EMERSON ELECTRIC CO., 8100 W« Florissant 

St. Louis, Missouri 63136 

2. Principal Investigator: R/ WELLING 

3. Liaison Office or person: N/A 

4. Beneficiary categories: 

Commercial 
Insurers/Investors 

Satellites :> 

5. Brief task description: 

Perry an automatic test system for interconnection with designated 
satellite systems for routine and emergency maintenance. 

6. Key results desired: 

Make it possible to obtain functional data on unmanned and 
perhaps dormant satellites for assessment on feasibility of 
repair/replacement. 

7. Potential value/benefits: 

o Provide accurate information on disposition of malfunctioning 
high-cost satellites. 

o Repair rather than abandon/replace malfunctioning systems 

8. Schedule estimate: Unknown 

9. Task-*subject categories: 
Vehicular system/subsystem/components 

10. Flight profile or parameters during the experiment: 
Low to high orbit 

11. Critical/unusual handling/support requiments : 
o Interface specifications critical 

o Standardisation of diagnostic/test procedures required 
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Orbital Vehicle TMt/Oiagno»tic Sy«t«m 
ITEM 

12 « Comments relative to doing task vithoat the STAR research vehicle: 

Without STARf presumably no such test system would be transportable 
in the near term. 

13 • Task Description : 

o STAR payload is autoru&tic test/diagnosis system 

o STAR rendezvous docks with satellite, mates test system 
with satellite 

o Test sequence results either stored on-board, down-linked 
or both 

o Decision made as to feasibility of repair/replacment 




NAN-XN-LOOP DEFENSIVE BATTLE STATION 



Nam* 

ITEM 
I. 

2. 
3. 
4. 
5. 



6. 



7. 



8. 
9. 



of Task: 

Oraanization: EMERSON ELECTRIC CO.. 8100 W. Floriaaant 
Mt^iMa* Louia, Missouri 63136 

Principal Investigator : R. 0. WELLING / 
Liaison offies or parson: H/A 
Banafieiary catagorias: Military 
Brief task description: 

STAR vehicle as a manned battle station to "fly cover" for 
high-priority vehicles, destroying anti-sattelite systems. 

Key results desired: 

Provide close-in defense of high-priority space vehicles 
Potential value/benefits: 

o Provide semi-autonomous battle stations during high 

ionization periods 
o Operate on-call, activating dormant anti-anti-satellite syst«ns 
o Provide stop-gap to near-term image understanding capabilities 
o Promote near-term deployment of space-based defense 

Schedule estimate: Unknown 

Task-subject categories: 



10. 
11. 



Han-in-space 
Space operations 

Flight control/command 



Launch 
Recovery 



Flight profile or parameters durin g tJte experiment: Unknown 
Critical/unusual handling/support requirements: 

o Rendezvous, docking with passive, low radar cross-section vehicl 

o Low-probability of intercept (LPI) communications with remote 
sensors, weapon platforms, ground. 
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Man-In-Loop Dmtmivm Battle Station 
Pa9e 2 

ITEM 

12. comments relative to doing task without the STAR research vehicle: 

o completely automated system (reliability problems) or ground 
link (ionization problems) required. 

o Deficiencies in artificial intelligence developments (image 
understanding # sensor fusion) require man*in-loop and perma- 
nent, semi-permanent manned stations. 

13. Task Description: 

o Stand-by launch to rendezvous with dormant, low radar cross- 
section battle station 

o Provide passive surveillance with IR, RF, radar (from multi- 
static emitters) sensors 

o Attack threat vehicles under all conditions, including isolation 
of ground control because of nuclear-induced ionization 
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COMRANY- 



0 0 8o« 13222 • Socramtirtc Cji.^or^ a 353*3 • -9?e) 355 3633 



21 March 1984 



Mr. rr«d V. Itddlag, Jr. 
SXAE Projaet Mnagar 
DCS Corporaclra 
10S5 V. Falrfu StrMt 
AlmMModTlM. VlrgliilA 22314 



Our Mr. Eiddlag: 

Tour latter of Fobruary 14 , 1984 roqmstlag liiforMtloo on pottntlal rosurch 
and toehnoloty taaks for tho Spaeo Cruisor has baoa roealmd. Mjr taehnical 
acaf f haa ravlawad raquiraMata and auggaata Chraa axpariiMit araaa for tba 
STAR Prograa. Thaaa ara: 

1. Lov coat Gttldaaca Syacaa Evaluatioa for Spaca Crulaar and 
Uacatharad DTA. 



2. Aarobraklng Iniraatlgatloa. 

3. Plug Cluacar Eaglaa for Prlaary Spaca Crulaar Propulaioa. 

I baliava chay aaac your dbjaeclva« for tha Spaca Crulaar and Ita broad aiaalon 
capabUlclaa. VhUa tha tvo noa'-propulaloa aspariaaata ara not prlM product 
llaaa at Aarojat TaehSyataaat componanta of tbaa hava althar baaa atudlad or 
ara In davalopaant hara and alaawhara. Tha unit thruatar for tha Plug Cluatar 
Englaa la an alamant of a aajor product Una at TachSyataaa* Spaca and Satalllta 
Propttlalon. With funding tailored to tha ralatlva tachnology laval achlavad In 
tha thraa araaa » aach could ba aada avallabla to tha flight taat prograa and 
maka contrlbutlona to tha tachnology aa wall aa futura apaca oparatloaa. Tha 
attachnanta provlda additional datall on tha axparlaanta. Should you hava any 
furthar quaatlonot plaaaa contact Clayton V. VlUlaaa* (S16) 3SS-3634. 

Tha Spaca Crulaar la an Intaraatlng and unlqua concept «. M at Aarojat TachSyatama 
vlah you auccaaa In carrying It Into davalopaant and flight taat phaaaa. Ua will 
contlnua to halp la any way va can. 




Encloaura: Exparlaaata (3) 



B-38 



Attachnent 1. 
Page 1 of 3 



of €xtr1»«nt: Lo- Cost ^yst- Evaluation for Space Cruiser 

fmm WT untethered-EVA 

1. Organization: Aerojet TechSyste« Co^ny 

2. Principal Investigator: 

3. Liaison Office or Person: 



Jaaes P. Taylor 
Manager. Mission Analysis 
Advanced System Division 



Clayton U. Millie 
Director. Propulsion 

Technology , ^ 
Advanced SysieM Division 




Science 
Technology 

jAircraft 

"jTTpaceplanes 
— '.atellltes 
ipace Station 
Vehicles 



1. 
2. 



Legend: 

Direct Beneficiary 
Indirect Beneficiary 



4. Beneficiary Categories: 

2 Industry 
"CoMorcial 
Laboratory 
4111tary 
Sovernwnt 
International 

Insurers/Investors 

"Too ther — Rescue 

5. Brief Task Description 

Adapt the ultra-light *<eight. Ion cost Mark VI Iwrtjji '^•^JJ, 
sYSteii. developed by Aerojet TechSystem for ««»J*3."^ii! 
tf s5« CruisSTguidance and control and to ^^^^.^^ ^J!Lcb 
SpliJSions cottirinclude sp^f* rescue, free PjjJ'S; gj^"" 
cWtM* such as Mould be required by the MASA Spartan and the 05» ^ 

b. 
c. 



RfsiSJjh "S^fc synergistics «1th the «nned 

vehicle and extra vehicular activity 
Evaluation of allltary mm In space. 



Key Results derived: 



a. 
b. 
c. 
d. 
e. 



Systea accuracy as a function of weight and Mission duration 
Suitability for ■IliUry applications 
Suitability for rescue alssions 

Suitability for unnnned alssions . ^ ^ 

Man-aachlne and aan-envlronaent synergisa and interaction data 
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Attachment I. 
Page 2 ©f 3 



Potential Value/Benefits: 

a. Reduction In guidance and control costs by an order of magnitude 

b. Inert lally guided EVA (I.e.* rescue* satellite rendetvous, et 

a1) 

c. Advancement In the technology of light Might guidance and con- 
trol systems 

Schedule Estimate: 

Start 1964 or later 

Completion 60 months ATP 
Key Phases 

a« Study definition 6 months 

b. System development 24 months 



Task-subject categories: 

Man-in-space 
Internal payloads 
External payloads 

Vehicular system/subsystem/components 

Controls/displays 

Life support 

Aerothermodynamics 

Materials 

Structures 

$pace operations 

Flight support 

Flight control/coannd 

Launch 

Recovery 

Phenomenology 

Other««. Deployment of free flyers for military surveillancot 
force reconstitution, beacons* et a1 

Flight Profile or Parameter During the Experiment: 

a. Programmed for stable LEO with controlled attitude during entire 
mission 

b. From shuttle or ELV deployment through controlled or flown- 
by-wire re-entry from LEO 

c. Synergistic plane and orbit altitude changes 

d. Pilot EVA with "return to Space Cruiser* fail safe mode 



c. 
d. 



System production 
Flight test operations 



12 months 
18 months 
6 

None* the Nark VI system is already 
being produced for the NASA Sounding 
Rocket Program* 
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Any Critical or Unusual Handling/Support Rcqulrcaents: 

None. Tht Nark VI Is designed to survive space shuttle launch 

CoMtnts relative to doing task without the STAR research vehicle: 

Space rescue, synergetic plane changes, and controlled reentries can 
only be accoapHshed with the STAR research or other equivalent 
vehicle. This research could be accoivlfshed aost econoalcally with 
StAR since any other free flying platfora would have to return to 
the shuttle for return to earth. 

Task Description: 

The proposed experlaents using the Nark VI ntvleatlon systea would 
Investigate the adaptability and reliability of a low cost, light 
weight navigation systea In trans-ataospheric, low earth orbit, and 
reentry envlronaents. A kit of gyro and computer aodules and pro- 
graaed software would be supplied with each experlaental systea to 
peralt paraastric evaluation of the alsslon variables: weight, and 
accuracy as a function of systea weight, alsslon duration, and alsslon 
profile. It Is estlaated that costs and guidance systea weights for 
the brief alsslons of the Space Cruiser could result In savings of 
as auch as 90S of the current state^-the-art values In each category, 
weight and acquisition cost. It Is believed that a low cost, lloht 
weight Inertlal navigation systea, coupled with a suitable propulsion 
systea (also to be furnished with the aodlfled Nark VI), could aake 
non-tethered EVA a practicality. 
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Ham ef EapTlwwt ; Aerobraking lavtstlgatlon 

1. Organization: Aerojet TechSysteM Co^y 

2. Principal Investigator: J«"es P. Taylor 

Manager, Mission Analysis 
Advanced System Division 

3. Liaison Office or Person: Clayton U. Nllllaas 

Director, Propulsion 

Technology 
Advanced System Division 

4. Beneficiary Categories: 

Industry Science Legend: 

CoHMrclal I redmelogy 

aboratory A ircraft 1. Direct Beneficiary 

llltary t sp aceplanes 

ivemMnt S atellites 2. Indirect Beneficiary 

ntematlonal > s pace Station 

2~Dtli 




Insurers/Investors ? o ther vehicles (OTV) 
)Other ... Rescue 



5. Brief Task Description: 

Adapt structurally efficient c1a«she11 shields to the conical shape 
of the STAR research vehicle to evaluate this unique concept for 
aero-asslsted re-entry and synergistic plane and orbit altitude 
changes. 

6. Kay Results Derived: 

a. ' Suitability for ■llltary applications 

b. • Eaergency de«^rb1t and plane change and orbit altitude change 

c. Structural vel^t advantages coipared to conventional 
re^try aodes 

d. Possible re-entry corridors 

e. Height as a function of Materials technology 

7. Potential Value/Benefits: 

a. Broader Mission envelope Units 

b. EMrgency de-orbit and orbit change capability 

c. Multiple purpose - the Aeroshleld serves as a aeteorold shield, 
an aeroaaneuverlng surface, and a heat shield during aero- 
■aneuverlng. 
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d. Posltlvt control - surface an§a Mdulatloot angle of attack 
chaiiges, and iapulslve firings enable trajectory control and 
My also allow plane changes. 

e. SiapHclty * the concept requires no new technology* It Is 
slaple froa such standpoints as aerodynaalc analysis* structural 
design, thenni control, wchanlcal systeas, etc. 

f. Reusability - the Aeroshleld Is fully reusable without servicing 
or aalntenance. 

g. easing - the Aeroshleld Is suited to either earth-basing or 
space-basing: It provides a large brake area evm within the 
votuM constraints laposed by the Shuttle payload bay Airing 
transit to low earth orbit. 

h. Light Height - there Is no s1«1f1cant weight penalty associated 
with the mltl-purpose capabilities of the Aeroshleld. 

1. Cost - coiicept slapllclty leads to easier developatntt light 
weight to Increased payload capability, and reusability to low 
operational costs. The overall result Is lowest life cycle 
cost. 

J. Nest strongly supports early Introduction of the Space Cruiser 
Into higher energy orbits (GEO and C1s«Lunar) by providing a 
proalse of njor cost reductions. 

Schedule Estlwate: 



Start 

Coapletlon 
Key Phases 

a. 

b. 

c. 

d. 

NuHber of Flights 
Schedule Sensitivity 



Study Definition 
Systea Oevelopaent 
Systea Production 
Flight Test Operation 



Task-subject Categories: 



1984 or later 
60 aonths ATP 

12 aonths 
24 aonths 
12 aonths 
12 aonths 

6 

The design and aanufacture should 
be done In conjunction with Space 
Cruiser design and aanufacture 
because of the high degrea of Inte- 
gration. 



Nin-ln-space 
Internal pay loads 

External pay loads - provides re-entry capability 

Vehicular systea/subsystea/co^ponents 

Controls/displays 

Life support 

Aerotberaodynaalcs 
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• # Materials 

♦ Structures 

♦ Space operations 
Flight support 

FHght control/cownd 

Launch 

♦ , Recovery 

Phenoaenology 
'^^^^ Other ... 

!0. FHght Profile or ParaMter During the Experimit (Reference Table I) 

a. Noraal rt^try frm LEO 

h. tloml re-entry froa 6E0 or Cis-Lunar 

c. Synergistic plane changes 

d. Aero«^raked return to LEO froa higher energy orbit 

e. EMrgency de-orbit 

11. Any Critical or Unusual Handling/Support Requirewits: 

The Aero-Shell oust be toUlly integrated with the Space Cruiser 
structure for aaxlMi effectiveness. 

12. Conents relative to doing task without the STAR research vehicle: 

The experiaent could be perforaed with the proposed NASA Orbital 
Transfer Vehicle (OTV) but at considerably greater expense and in 
a highly uncertain tiae fraae. 

13. Task Description: 

a. Concept Description - the Aero-Shield allows mltiple use of 
basic structure for both aeroaaneuvering and for aeteroid pro- 
tection. It consists of two seal-conical surfaces hinged along 
one edge. When closed, the surfaces fora a ti^t cone that 
serves as the aeteroid shield for the Space Cruiser and payload 
within. Mien open, the surfaces fora a variable area, low L/0, 
lifting brake for aeroaaneuwing while passing through the 
earth's ataosphere. 

During aeroaaneuvering the vehicle is aligned noraal to the 
veloci • . *^or in a vertical attitude while passing through 
the r > V ataosphere. Trajectory control is obtained by 
aoduiacing the surface area, changing the angle of attack, and/or 
by engine firings at reduced thrust. Thus the drag coefficient, 
lift coefficient, and frontal area can be changed in accordance 
with control requireaents (acceleration feedback) and operating 
constraints (heating, pressure loads, acceleration, etc.). 

mth increasing airfraae-wing-heatshield functional integration, 
the conical space cruiser re-entry shape could go forward to 
high L/D re-entry platfora and broader alsslon capability. 
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ProDOScd Study Oef inftion PMst Prograa - the proposed prograa 
Is intended to evaluate the Jleroshfeld concept aore rf porously 
than MS possible fn the 1983 Aerojet TechSystev-funded effort. 
It consists of three njor tasks: 

Con ceptual Design Evaluation - Conceptual Aero-shield designs 
h1 1 1 be generated for a representative vehicle and mission to 
be selected with OCS/OARPA approval. The baseline concepts will 
be evaluated for the selected aission, using a coaputer prograa 
developed during an Aerojet TechSysteas Coapany IMO prograa, 
to deteraine theraal and pressure loads. The structural design 
of the Aero-shield and its deplojtaent aechanisa will be addressed. 
The therajal design will also be considered, with priaary 
eaphasis on passivbe systeas such as the Space Shuttle Theraal 
Protection Systea (TPS). Active cooling will be considered if 
necessary. Guidance, Navigation, and Control (CMC) requlreaents 
will be exaained for compatibility with the configuration/opera- 
tional concepts generated. 

Systea Tradeoffs - this task will study the effects of vehicle 
trajectory, drag aodulation, and ataospheric variations on the 
Aero-shield configuration, TPS, GHtC, and propulsion requlreaents, 
expressing these effects In teras of weight iapacts to the base- 
line design. Other aspects of the concept to be considered are 
suaaarlzed in Table I. 

Technolo gy Requireaents Definition • technologyh gaps uncovered 
in the preceding tasks will be id^ifled. 1 A technology 
acquisition plan will be prepared to define the scope of prograas 
necessary to generate the alssing technology. 

Following coapletlon of the study phase, the reaainder of the 
60 aonth experlaenUl prograa (as suaaarlzed under 8.) would 
be defined in deUII. 
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TABLE I 

rmrtlPgWATIOIlS IW AEROSHIELO C0iCEPI_gCSiCl6 



aOH FIELD MO AEROTHERMOYMHIC COlSIOERATIUIlS 

. UPPER ATMOSPHERIC WCERTAIRTIES MO VARIATIOMS 

- tlMCE FLOU INTERACTIQIIS 

- THRUST PLUME IliTERACTIWS 

- SSSuiLIBRIUM AEROIHERMOOYMMIIC EFFECTS 

: RAwSiOM eStatiom mo oeexitatiom in upper atmosphere 

- REAL OS COMPUTER COOES rnunuu 
. VISCOUS IMTERMHON BOWOdRY LAYER COMTROL 

POTEMTIM. THERMM. PROTECTIOH SYSTEMS 

- REUSABU SEMIRIfilg SYSTEMS FOR UP TO S.OOqfT - HOMAIUTIVE 

: USe'oF WlioSire MO REH materials . SIC. FRU ETC. 

- wn'IVE C00LIH6 

GUIDANCE. NAVIGATION A CONTROL (GNAC) EFFECTS 

. AUTONOMOUS AMPTIVE CONTROL IN CONTINUMXY VARYING 

ENVIROMENT 
. METHODS OP CONTROL EFFEaiVENESS 
. CONTROi. SENSITIVITIES 

- APPROACH NAVIGATION 

STRUCTURAL CONSIDERATIONS 

- STRUCTURAL HEIGHT 

- VOLUME EFFICIENCY 
. DESIGN SIMPLICITY 

PROPULSIVE INTERACTIONS 

- ISP 

- THRUST/HEIGHT RATIO 

- MULTIPLE ENGINE CONCEPTS 
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Plug Cluster Engine (hereinafter referred to as PCE) 
for Prlairy Space Cruiser Propulsion for a Hide Range 
of Propellent Loads and Back Pressures Froa Sea Level 
to Hard Vacuui. 



1. Organization: Aerojet TechSystens Coivany 

2. Principal Investigator: 



3. Liaison Office or Person: 



Beneficiary Categories: 

Industry 
Coonerclal 

Laboratory 

""r~>i nitary 

2" S ovemwent 
""•^ International 

I nsurers/Investors 
Other ... 



Donald W. Culver 
Hanager, Propulsion Systeas 
Advanced Systeas Division 

Clayton W. Uinia» 

Director, Propulsion Technology 

Advanced Systeas Division 



Sc ience 
Tr~Technology 
Aircraft 
"Spaceplanes 



T 



^ tellltes 
T~^pace Station 
THSther Vehicles 



Legend: 

1. Direct Beneficiary 

2. Indirect Beneficiary 



Brief Task Description: The experlaant Involves (1) the application 
of scarfed nozzles on the sixteen 188 IbF rocket engines which are 
arrayed around the plug and (2) on>11ne puap feed capability for Uo 
to four of the noraatly pressure fed 188 IbF engines froa externally 
onunted, conforaal propellent tanks 

Key Results Derived: 

a. Optlaua area ratio and scarfing angle for the 188 IbF engine 
for sea level, high-endo, and exoatnospheric Space Cruiser 
operation. 

b. Reliability, perforaance, and operating life for the equivalent 
376 IbF to 752 IbF thrust puaps for feeding propellents froa 
external, conforaal propellent tanks to the 188 IbF rocket 
engines. 

c. Design data for ultra light iieight, conforaal propellent tanks. 
Potential Value/Benefits: 

a. Flexible, short, high perforaance, and low cost rocket engine 
developed for a wide range of Air Force aissions. 
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b Lm f 1w rate puap technology for possible use in space platfonit 
Space Shuttle* orbit thruster, tactical Missiles, as mH as Space 
Cruiser. 

8. Schedule Estinte: 



Start or later 

Co^iletion 60 Mnths ATP 

Key Phases 

a. Study Definition 6 Mnths 

b. System Oevelopaent 24 nonths 

c. System Production 12 Mnths (1) 

d. Flight Test Operations 16 Mnths 



Nu^r of Flights 6 
Schedule Sensitivity "one. The basic thruster and 

turbopu^) technology is on«go1ng 
at Aerojet TechSystens. 

9. Task«subject Categories: 

(Please identify those relevant and clarify iriiere helpful) 

Man-in-space 
■~~ Internal payloads 
» External payloads 

Vehicular systea/subsysten/coivonents 
Controls/displays 
Life support 
» AerotherMdynaaics 
Haterials 
Structures 
» Space operations 

Flight support 

Flight control/coMand 

~~ Launch 
Recovery 
» PhenoMnology 

» Other ... Endo-atMSpheric operation; synergistic aero* 

~~ Mneuvering 



(1) This phase overlaps developMnt and flight test operation 
for effective 24 Mnth production period. 

10. Flight Profile or ParaMter During the ExperiMnt: 

a. Synergistic plane and orbit altitude changes 

b. Sea level and high endo-atMspheric operation 

11. Any Critical or Unusual Handling/Support RequiroMnts: 

None. The PCE will be designed to survive Space Shuttle and ELV 
launch environMnts. 
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relative to doing task Hithout the STM research vehicle: 

Sraeralstlc plane changes and controlled reentries can only be accoan 
pilshed Mith the STM research or other equivalent vehicle, the 
research could be accoapllshed aost econoalcally with STAR since any 
other free flying platfora would have to return to the Shuttle for 
return to earth. 

Task Description: 

a. Plug Cluster Engine (PCE) Module Scarfed Noziles 

The existing bell nozzles on each of the 186 IbF PCE Modules 
uere designed for vacuua operation of the Spaceplane. For near 
optlMoi operation at various altitudes and ai*1ent pressures, 
these nozzles will be replaced with scarfed nozzles. At 100 psia 
diariMT pressure, the nozzles will be scarfed froa an area ratio 
of approxlaattly 3.S to the exit plane. 

The resulting PCE will operate at all altitudes without 
unstable nozzle flow separation which could structurally daaage 
or destroy the Modules and PCC. Additional 1y the use of unscarfed 
nozzles would result In perfonnnct penalties during any,non- 
optlMUM altitude operation. At soa level the no««I«» •^"^P'^^ 
vide optlMun flow expansion resulting In muImum PCE thrust. At 
higher altitudes iriow expansion will also occur on the plug lateral 
surface. forMed by the scarfed nozzles, providing additional thrust. 
At a sufficiently high altitude, recirculation of Module exhaust 
gases on the plug base will provide additional thrust. ToUl PCE 
thrust at Mid and high altitudes can be further Increased, at a 
slight sea level thrust penalty, by tilting the Modules towards 
the vehicle eenterllne. 

The scarfed nozzles will be structurally supported by the 
Module thrust chairber, of which the nozzle Is an Integral part, 
and the plug. 

b. hm Fed Operation With External Tanks 

Low thrust operation with high total Impulse requires a 
PUB fed propulsion systOM. A pressure fed systoM would require 
unacceptably heavy propellent tanks. This requlreaent can be Met 
on the Spaceplane by the use of externally attached confonnl 
orooellant tanks with Integral electric Motor driven propellent 
ptMBS. The Spaceplane vehicle would provide the electrical power 
and/or electrical on-off signal to operate the puMp Motors. The 
PUBS. Motors and electrical power supply If included In the 
tank asseibly, would provide propellent f lowrates adequate for 
operation of 2 to 4 of the PCE Modules. The developMont of low 
f lowrate, low head rise puMps Is currently underway at Aerojet 
TechSystoMS CoMpany. 
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The use of these externally attached tank/notor/puap 
asscriilles wfVI require structural, fluid (propellent) and 
electrical Interfaces with the Spaceplane. 

A surface tension type propellent acquisition device can 
be used In the external tanks since only low G operation will 
be experienced during propellent expulsion from these tanks. 

The difference between the Internal and external tank 

pressures will enable propellent transfer from the Internal to 

the external tanks. The reverse transfer can be done with the 
external tank pumps. 



I 
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13 mrch 1984 
B6800-84.059 



DCS Corporation 

loss N. Fairfax Street 

Alexandria, VA 22314 



Dear F.H. Redding, Jr.: 

Ball Aerospace Systens Division Is pleased to participate In your 
search for research and technology tasks suited to the Space Cruiser. 
Enclosed please find descriptions of our recowwnded program. Tm 
of the write-ups present wthods of detecting nuclear materials on 
foreign spacecraft (Space Treaty verification). Another describes 
sone phenonenology oieasureDents of Interest tothe BNO cemnlty and 
the last describes an application to satellite repair -'In particular, 
the replenlshnent of cryogenic fluids. This last Is of obvious In- 
terest to the IRAS program but also should be of Interest to po|tent1a1 
military programs. 

Our reading of your request Is that you are looking for relatively 
near-term applications that benefit U.S. research and technology 
programs. For this reason, m have attempted to keep our Imaginations 
from running too wild. (As I am sure you must have deteimlned for 
yourself, the STAR vehicle Inspires some fairly fantastic Ideas.) He 
feel that all of our suggested tasks are near-term and practical. 

ite hope that these tasks help you In your efforts. Please feel free 
to contact us if you have any questions. 

Yours truly. 




Gerald D. Godden, Director 
Defense Systems 

P.S. If you have any promotional materials on the Space Cruiser 
such as artist's conceptions. Me mould appreciate receiving some. It 
iMuld be useful In keeping the Cruiser In our minds and In stimulating 
thought on future projects. 

G06/ER/chb 
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LOcgnintioDt Mil Mzoapmcm Sgatmm OLvisioa 
P.a BOB 1062 
Booldnr, ttlflcado 80306 

2. prine^pA], I wwt iqatort Brie 

3. LiJMaat Or. Gnxy Goddm 

4. Bm£ieiaiy CktagoriMt MlUtaiy, 

5. Briaf Taak OMcr^iont Zmpaetian of «t«I.Ut« fbr tte h«mimj« of 
nuelMT BBtcriala ty thMRoal iaagLeg, 



e.Rqr RMults DMiradt Rnfladga of iStm anount, diatriJbutlan and r^m tl nl 
UM of nuclaar nBtarlals onbOHCd a fbcaiyi 



7.Pot«n dL« l WLuat Thia pcowidM ^ MMho d^of wiiViag tfas 1967 Out«r 

tha strict orilitaiy Adaupoiiit, Ola is a natiM^ Tfth r r'f*! 
odUtaxy intsUigMoa fbr sslseting MXr hiifi orioribr 
in addition, this sanaor t«iU allow '<«»^n ' 
%«tatlMr a i iTto- iia raaetor is npanitiiq or 



8.Sdiadulo Batimatat A tesitoility pcogrH eoold ts aoooBlistad 
in about thcw ywrs. IDs iafiearad iaagm oould ta configuEad 
aiodlar to cutxant ndlltary lUR inigara. Iha siosai 
and focal plana %aild taa tlia a»jar dasiyi drl««ca. 



o«t«9orlaai nan in fpaoa* intscnal payloads, -^^-r 

fli^tt oantKDl/ccBiiand# p^MnoMnology and intalligaDoo* 



10. Fli^ Ptofilat lha ipaea etuiaar would teva to ^.^^ 
quits eloaa to tha targat aataiUta. A xanga of laaa than cm 
kilonatar toild ba daalx«tf>la. Ralatlva aotion wuld 

hava to ba leapt to a ndniaua vhila tha targat «aa 

11. Qri.tical BMdling/ai«port 



12.abBBanta on doing taric wLthoot SOUt Althou^ this mission could, 
in principU. ba parteaad ty an Ind a p a n da wt aatalUta, tha onauvatabUity 
and «aD-in^th».loy cparatiop oaha tha usa of tte spaoa ctuissr 
an wan di a l i aing adsantaga. Iha zandaswoua tiitti ttm targat aatallita will 
ba_9dta difeioilt. Iha xaaetim tia» of tha idiot aa^low laryllna 
anpraadi. m addition, t3ia pilot can mttm daeislons about ttaa qwli^ of tha 
iaaga. I£ ha d a ramrin aa ttat a diffimnt vlaw %«ad bring in aora ««<tn.»««-<>^ 
ha wiU ba abla to aanauvar to a difteaot look wgte. 



13. 



, ^ aawlst.iaKlsar waapon aoaad orbUiag plattea <oald ba a --^^ 

thraatto tha aaeority of tha tkdtad ftatas. Only if audi plattea 

Inn a rinn B txadaad auaAilly, wanld it ba 
poaaiUa to haaa m aarly awning. Ibr thia saam tha Odtad fl 
Md dnatnta ite ability to dataet and idaatiiy 
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pUtten. Evm though wch p U ftfcnw an aitlMid ty tte 1967 Oastmc 
9pm» Trmtf, trwtiM ud an i— in an umIhs U w mmm o£ 
wifiottian an mailAla* 

ypaa ditaeUai of tha laundh of a aatalUta tliat loild ba ovabla 
of nnnraalinj tax^Mbla meUar iia nmH f ataadasd in»aUti|woa 
tactaOquaa «oild ba anployid in an aCfioct to datandaa tha aatalllta 
mLaaian« If thaaa tadtaniqwa failad to datannlna tiia purpoaa of tha 
aatalllta and tndtnttart that it ooiald ba an ocbiting nuelaar mam 
platfoBBt than a pacific miaaifln uain^ tha SSM tiAida oould ba 
laundtiad in ocdar to invaatigata thia poaaibUi^. 

lha atJiroad i aiplainad in thia lattar uaaa a thannal inaging 
ayatan to viaur tha apatial atructuca of a "haat print-tfarougli inaiga'*. 
Tha nathod of opanticn voild ba that tha eruiaar loild aanaiivar cloaa 
to tita taigat aatalllta. Tha payload bay oovar loild thm opan mA 
tha infearad t ala aoop a v«:ld vlav tha taxgat. Tha St pictuta wuld ba 
takan and dbaarvad in naar raal^^tima by tha pilot, if naoaaaacy, tha 
pilot could mnaixvar for invcovad imagaxy. 

Activa nuelaar zaactora and nuelaar wdiaada axa algpyjicnt 
aouroaa of hfat (lO'a to 1000*a o£ %aitta). Baoauaa a aatalllta ia 
aoBMthing of a doaad ayataot ttiia haat nuat ba diaaipatad. Tha noat 
practical nathod ia radiativa cooling in tha naigN»diOQd of tha haat 
aourca. (Thia could ba avoidad by cpLoying a atocad cryogm* but it 
wuld aigiificantly raatrlet tha vAiieia UfKina). Thia xadiatad 
haat praduoaa a aignificant dianga in tha infinrad aiyiatuta of tha 
aatalllta %«&ldh ia datactAla by an IR aaMor. 

Tha thannal icaging ayatam raqpairad ia %iithin tha 
atata^-tha-art. In oxdar to aaa tha "print throu^" tha 
taRpacatura aanaitivlty of tha aaoaor %iould hava to ba on tha cedar of 
•05 K« Qacauaa tha targat i«ttld hawa a tanparatura ranga of 
250K-40QK« tha atandasd thatnal infirarad band (7*14 ndcrona) imild ba 
appropriMa. In ordK to gat adaqpata raaolution of tha aatalllta at 
a kilcmatar atandoff rangat tha apartura wuld hava to ba on tha cedar 
of half a natar in diamatar. MLth good IR dataetorat thia apartura 
%iould provida auffietant coUaeting aeaa to pcovida adaguata aigml to 
noiaa ratio. 

A najcr conaidaraticn in Urn diaiyi of thia aanaor would ba tha 
dynande ranga raguirad. Baoauaa tha tasparatura could vazy ovar a 
factor of two and a zaaolution of .05 iajcaia ia daairadt Urn d^nadc 
ranga lAild hava to ba batuaan cna thouaand and tan thouaand. Thia 
nd^ pccvida a ctaallanga far OCD datactoca. Oiacrata dataetora nay 
ba naoaaaazy. Ihia da t actor array lAuld nott hauaiiar# ba r^i»l tha 
tachnology. Tha oOiar araa ttiat %oild ba affactad ia ttiat of 
iflaga/ai^ial praoaaaing. Thia difnadc ranga ia imU bayond that 
w aab l a by an cparator. (bnputar praoaaaing %nald ba zaguirad to 
uneoaar tha inflocBBtifln daairad by tha cp arator . Ihia %mld mt 
particularly purih tiai atata of tte art. 
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3. LLMant Or. <3«tiy aBda« 

4. aMfiei>ty €BM9»imt MUltary. 



, distritetiaa and p o ftfiil 



6M !^t« D»iw*t moifuagi oe th« 
mm of OKIMT iMriaU oteaid r 

SuS^iiSiSS- -.luting i«M 



of 



» off fooBi plana ln«tiw«t' 

o t^dt-aMet oatagesriaa* n« la «paea. kitacnal payloads. 

0.4^ or«^ii«i Hm tp«^ cnaiaar would hawa to maMOvwr quita doaa 

2-5i?S.5?S:iiu^^^Ii5^«^ 

a ndnlBUB Whlla tha taigat Ma obaarvad. 

11 Huidlim/auEnrt ra«!MitaB«tax Bacauaa tha cruiaer %«uld lw»a to 



12. 
and 



on doing 



K without saSLt Mthou^ thia ndaaicn could, in 
VaTSvanaaBt aMalUta. tba iBanauvatabLUty 
T;,S^S^WSian Brtn tha uaa of tha apaoa ctulaar 
««l£3E aSSSga! woJawoua with ^ taraat 
StSSSTSl ha qjJlta difficult. Tha taaetton 

SmTlvSll ba abU to nanaovac to a dif fcwnt lo* angl*. 



mmt aoqpin mA <m»tx«te tte AiUty to ditect aoA itetiiy wdh 
pUtfowi> Bwm thori» iidh platfcoBi m mirla w rt ty thi W67 Outer 
apmo% ttnfeyt tsHtiw aoA ajuwiri m iwlwi if oo tmoB of 
wififlttlai an midliblo. 

tJipcii rtgrttion of tte laundh of a MteUite that mUd bo oi^ablo 
of mnpMllnj tMrqtttblm nueloar mmpom^ staadhtd iatelligKn , 
tedwiiiB— %ould bt «qpLayod in an offioct to ^rrHr^ tha aatelUte 
miaaion. If theaa tectaiiqaaa ftdlad to datarmina tte pispoaa of tha 
aatallite and indicatad that it oould taa an ocbiting nuclaar acn 
platten* th«i a pacific odaaicn uaing tha SXflR vihicla oould taa 
Uuadtmd in ortv td invaati^ate ttiia poaaitoility. 

Iha ancoadi li ia crt ba d ii\ thia lattar uaaa x-ray and lov qmam 
xmf imaging to pcoduoa infonnation aiaout ttia t^pa, quantity and 
diatrlbutlon of fiaalonabla natariala on board tha taxgat aatallita. 

Activa melaar saaetora and maelaar imlnaili ara aigaificant 
aourcaa of x and gmn tv amiaaiona# Baeaoaa of litidlit Ufldtatioia, 
it ia iapnetioal to oonplately Aiald aodi davioaa. Thw tha 
aniaaioaa ara aaaiUbla for analyaia. lha anavgy «actsia indlcataa 
%iiat fi a al o n abla natarial ia on boaxd* lha diatribiitian of ttaa 
— terial %dU daranwina Oiathar tha dairloa ia a raactor or oultipU 



l ha ItMath ilit y of a larga x-tay Inaging talaaropa hw caoantly 
bam danonatratad and tha Badanntd eanna ahcM tha moat pvomiaa in 
thia anplioation dja to ita 11^ %iai^ mA xctetnaaa. AXnon gaa 
inagingi proportional oountar oould act aa tha activa fbeal pii^i^ 
dataetor. (X-rv alao hawa aona advantagoa) * 

Pralininaxy calculationa indicate that# for adaquate aignal to 
noiaa# tha agparijnwrtt would hava to integeata ovar tim parioda on tha 
ordar of ndnutaa if tha atandoff canga waa ona kilonat«. Tha 
tactonioal drivar of tiiia ayatam loild ba ttta apatial raaoLution 
adhiavabla by a larga araa proportional oountar. 

thara ara othar nuolaar dataction nathoda tiiat nd^ ba uMd. 
ona oould anviaion ajacting a radioaetiva nitttrial that prodtioaa wll 
Gfaaractarisad ganna nya firam tha oxuiaar bafora flying by tha tarqat 
aataiUte. Tm aouroa %«uld paaa on ona aida of tha taxgat and tha 
cruiaar« aqpiifpad with an arr^ of gEsna datacton, would paaa on ttia 
othar. A gnn abaocption ioB^i oould thm ba built up« lha 
diatritaution of hi^ Z natariaU oould thm ba darivad. ihia ia a 
oono^t that %« hava nanad GRXOS (Guna Rv Xtaaa* Diaplay ayatan). it 
haa baan a aplaln a d in dataU for a ground baaad aiplicatlon in an 
intacnal ooapaiy propriataxy raport nunter OfD-MP-ei.Oll. 

ona axtanaion of thia i£aa ia that, if tha aatallite waca 
q^nning, tha ianga oould te built qp aiadlar to a ^^^TTirlMfl axial 
toBograitiy (Off) acan. Ihia oouldt in prlneipla* produoa a fkill 3 
dlannaional ioaigi of tha intamal atsuetura of aatellite. 
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ou final ttctaiqat ttet m lave omidmd is to um laMfcsai 
aetiwfeiflo to ^ j f**— laicpi hi^ Mcaf 9M">* c*y •i9Mt«n*. In 
this aonaft* a mbII qonti^ of Gf-2S3 io d«esit«di m ite tatgst 
vvhieto la tte vteiaity oC tl» wpTfl w utw l ■ ^ThU aatiBrliJ. 
peoAwM oantinnoiw activttiaa of ttw adioKtivB nitacial. Hw 
rtnltinj gaM-vdMioi would Inm diatlaet ipaetxa <1ip— Mnj on ftet 
tte ft— t— bU tarial «m. ihis maid te wpacially oMfiil in 
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RMDGBHlOlOQy 

EN) OiflcriniflBtiaa 

lO^Plis^t StofLU< EMUr RB-BRW 

U.QritioBa Budling/scnport xsqoimats. 

I2*Qannts en doing tadc witlnit SXMls 

Sudh nnwrmnts ooold dam ty tsdhniquM othsr than 
tha UM of tha STK vriiieU, but %oiLd raquira a dadicatiwl ndssion 
to do ao. By uaing tha SEMI vachicla* tha daairad dbaarvationa can 
taa nada daring tha daad tina batwaan othar ndaaiona and ba of lowar ooat. 

la.Taak Daacriptlons 

OBSERyxrXOW op bom SBOCX RADUanVE EMISSIOB 

A oontinning raqpixaBsnt axista %iitiiin tha national b al li st ic 
fHT^Il^ daCanaa caiBUiity 2or iqpcovad and noca affaetiva 
diacrladnBtian capdrilitiaa in idantiQring and targating ballistic 
Modiaad raantxy v#iielaa* Pm battar daooya and panatxatisn aida aca 
daaaLqpadf raqpiirananta fbr diacriodnation baoGBS nora atriagant. 

Moat oucxantly cbaarvad zaantxy optical aignturaa axa darivad 
fcoB tiiannal aoiaeoaa. lha raHafinn cmLttad ia dua to tha bulk 
taqpacatiapa of fSm anittiag nataclal^ %lMfthar it la tba IV body or tha 
hot gaaaa in tiha boundaxy and Mha of tha RV. 

HpMavar^ tiia raoantly bha acv ad Auttla glov th a ngw a ii a i tndicataa 
that qpttffal aiijia i rHr a a fiDcn naar aatth ocbit bodiaa can ba g a narat a d 
by nofr^tenal martianiw. lypicaUyf nan-thanal a wriaainna occur at 
apadf ie wvaUngtha ^JbiA naka it poaatbla to daai9& aanaora %dte 
aarxoir qpaetxal iaaponaaa without loaa of aignal. 



BMi ^ thunl anl noD^ttwaiBl mAMianm firem tte bov shock of 
ottaLtina aiA sitoctaLtal bodiM hsw an i mwminrt pountial fix BHD 
tte SMI tMMcch iniiiBia (SCMMW) is an Moallant 

tx3v shodc aBdnioQS* It oan ba usad both aa an 

platform aid aa a targst. Thm STMt-fV itaalf has tha 

of a ncdam nielaar vAihaad raantry vJtiitlm. It could ba uaad 
aa a targat to ba obaaxvad by AuttlA-taotna aanon* by 
a oGBpanicn SXRR-av or avan by aanaoca baing aalf -canriad* 



Both spatially and ^pactrally raaolvad oaasursnsnts ara 

h orymtirg tha spactral ragion frm about 100 nn to tha 
infrarad. Bar tha nnauramKita i ai iimnlad hara, initial 
should ba on tha visibla and W spsetral ragions bacauaa 
ragions hava a higjh potsntial to pcoduoa non-thasaal signals 
that oould ba diacriminatosy* Spatial taaolution ahould ba a fav 
i; spactral taaolution initially tfnild ba a fair 



Salaetad dbaarvationa of poctiona of tha bov diode radiation, 
fay^yii^iig tpKtral aignaturaa, can ba oada by aanaoca cn board tha 
targat vahicla itaalf, %iithout diatutbing tha boundary layar flov 
pattams* lhaaa naaauraoMta voild ba nada by looking ttiroj;^ 
fbrward-Iooking low^-profila %dndaM. Dicaet dbaarwition of tlia 
ataosation ragion in tha front of Urn vmclm %rill naeaaaarily rac^aira 
cn otlwr vrtiidaa, audi aa a rrmantnn SOMU. Both typaa of 
ara n aa d a d and 



of this typa ara baat nada %dth an inging 

uaaa a 2-diiBniional detector array to oollact 

spactral and spatial data aimiltanaoualy. BMD ia currantly 
pionaaring imaging spactrcmatar daaign for xailitary asiplioBtionB and 
should ba involvad in all aspacta of a program of tiiia Qfpa, fm 
mission plannizig to data analyaia* 
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BBBFXaMOr CKTBOORIES: MILITMr* (XNESatm, QflBBIRnONKM 

SCZEEIGB# TBCaCLOGSr 

BRIEF TMK USSCRIPriOHs QMCbit nfittUilmt of 

s p a ciftc allyt wpKfliaid teliiai 
cryogpn nplnirtnot of tte 



KBT BESDiaS USIREDs KitOTl i fl cpmtianBl Ufitifli of ilnm 

IHXR/EIR MEv^f inMraonfc 

tOlBinJI. VXiV/BBEEEIXSi Anothtr IRIS tiill not te laundMdr 

a cxyogn nplanUtannt wUl aUov 
IRM8 to ppKBtft agidiif parft»nii 
mora surviiy %ak« tdoa ipactxa of 
intanatinj ab)act8# and pcovida 
tint iiariabLlity infoooBtion. 

SOiBDUEZ ESTXMItlESs Htm cryogm nplenijInKit afftact oould 

start any tina; it voald raqoira one 
flic^, it is raasonbly schsdola in- 
sansitiva; laut it %pauld raqoira a nsar 
polar Qcbit« 

TMK-SUBOBCr GRIBSORIES: Mu^-io ^aoa# atanal payloads* 

flp a oa oparations* 

ELXCSr PRQBXI£s Ite ^paoa Ctuisar octait loild haw to natdh 
tha XRM 900 Im altituda, 99 dsgiM ineU* 
natioot nsar polar orbit to achiaw cry o g i 
transfar* 



BHSOLWR/WWUKC BBOUIBBBIISs 

asfens cm taoc nxnixir sxMts 



Srt a tml sqparfluid Haliun 
eryogn taite and assoeiatsd 
tsanste Unas ava raqpirsA. 

This oo-ocbit tranaf ar of 
liqpiirt taaliw cgfogm to IBM 
is pcdtably iavraetical toy 
aqr oUiar maans. XRW* polar 
oCtate ia diffiflttltt if not 
lapoaaibUt tar SEB to 

gi pl a ni a l MBi l ra9Uras a 
OBB and an BIh to ooq^Lata. 



OH ORBET SXIEUilXB BERSBXSBBir 



Smmm typM of reosit Mrth oKbiting artlfieial saMlUtM 
haw hmeam inqpsnti^ for a ^wiaty of raanna wuA amt 
•Laetrical Cailurw ( Solar Nudflnei MLMioa ) ; C^load Maiat 
Motor fiailuraax and cxyogm d^plation {IkifEarad MttooGBLoaL 
SatalUta). Mmy of thaaa aatallitaa vara not ^l^nti ISbr 
r«air on orbLt# or fiar ratum to tha ahuttla fisr rapair# or 
fior latum to aarth far repair. Ihajf oay ba mgin atriftiliaad 
craft no proviaim for d a a pi nptng ^ thay nay not hava 
attacSi pointa avaiUbla at all or oaqpatibla idLth SES 
arjiipiant* Qia prbbln la hov to gat thaaa iaatzwanta taadc 
into oparatiflOt aoonondjcally* 

lha ""Slpaoa (kuiaar* could ba uaad to ti^air or rafiitbiiti 
pacific apaoacraft or inatnnanta aithar toy visiting tha 
ipaoaeraft an^ aacvieing it oa tha wpmBmeemtt aOsLt or by 
attaching to tha ap a u a cia ft and latwning it to tha 9B. 
Mtar aacvieing by tha SESt tha ipaoacraft on than ba 
catuniad to ita original octait or plaoad into a no t har ortsit 
by tha apaca cculaar. lha apaoa ccuiaar could aehiawa oifbita 
not amilabla to tha Shuttla. iOaot tha pilot of Urn 
flp a capl ana oo i. ild parfocn tha ocnplaK ocbital matching and 
attadnnt nanawwna in raal tiaa with inatant faadbadc. lha 
pilot la alao avmilabla for axtca-vahlcular activltyf aa 
raquiradt for aarvicing tha danagad or inopacativa 



A ^paciftg anpla of this aatallita rafutbijtnnt oanoapt 
voild ba to uaa tha apaoa ccuiaar to caplaniah tha diplatad 
Hqiiiil haliisi c c y og i aisply on tiia Interad ipirnl 
SataUita (IBM). IMS waa a aucvv imtnaant in Hm Long 
Mm fiBfcacad (XMIR) to Ete Infcarad (FIR) with cptiaoa for 
IMIR ap ac tp o a cqpy and aatand a d pointad obaacvationa. It 
liai ffcamal adnirably for 10 wao^Om bafora Ita aupwfluid 
halioB ccyogm ai^ly at about 1.8K can cafe and tha ayatan 
%«anad up to naar anl»iant taBiparatUM andbaeana in- 
oparativa# 

lha lir|Litf1 haliURi cr y oga n caplani^nnt would ra-vltalisa tha 
IR» intruRant and would bmfit tha world'a aatroncnical 
conaunity* Htm naxt Anarican aatronosdcal infcarad ocbitiag 
inatcuBKt witii aanaitivl^ gcaatar tiaua IRIIS %iiU ba tha 
Stauttla SBfcacad Halaaoopa EteiUty (SOOf) but ttet ayatm 
wiU not fly until tha mid 1990'a at tha aarliaat^ if at aU. 
lha original miaaion llfafima far SUB waa about 12 aonOv 
and it laatad only 10 nontltt bafbra ita cryogmi aqpply waa 
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mtmmfbtd. It iiDttld bt'a Jhwwfc ai jMU i to tm<tmanm — y mAy 
illiiiWM rt IBM wuKOH aftv flwt of thi mrviqr dita 
MUlgfKUi tet tam doM* A meaed look £or n-coBHimtiaa 
and dqpoM Midy in m nan nHumA tin ftw obifld te vwy 
praaoetiw. rtm mumettd XHXB could porfoni a mt 
oQiVlata i)v wcvqr# partem wan ivKtxonopic lajMnmrlnni 
of Mlactad dbjaets, purtem ahv »ra in luuMd MMitivlty 
poinfcad dh w r^ti o M or ndai-wrweyi and, particttlar]y# 
Obtain Inftrwrlnn on lairiibillty oe ttia !»# aaoEoaa 
iliaiMJiwarad fey XMB i«lth a tiaa feaaa of aauacal ywn cattMr 
tlian with a taaaa of odnitaaf liam# or m ter " w n ll i a t ZRM 
could alao parftani aona of tha ndaaioa goala of SZREP. IMS 
crlgimUy mm m intacnational afSort cng tlia tJtaitad 
Stataa, tha OatharlaiiAat and tha ikiltad Kingtau ao «tm 
roiurr acticp of ZSM mild prdbibLy ba an intaraatiflBal 
afftjKt alao* 

JVnOKBt 



Via appmadh idiidi w prate at thia tins, uaaa tha fl|paoa 
Qniiaar itaalf to nplaniah IMS* cryogm aupply. U thia 
acsario, tha aipaoa Qniiaar ia laundhad via 9ISf pLds tha 
atrap on liquid baliia erfogm taaka frm tha Shnttla hay 
along %dai tim raqpiirad liquid haliia trauaf a c linaa and 
alactxcnic intarfaoa connacfeor and than chanyaa ortAta to 
natai ttm 99 dagzaa iaBliflaction HtlS 900 tan ortait anA 
tmiuiun a tandtavoua %#lth XMB. Iha itnixiia aqpaet of Urn 
Spaoa Qnaiaar ia dafinitaly an aaaat in thia aBKCi a di and it 
ia CKtainly poaaibla that tha OUS cryogm raftaebiriiHnt 
could not ba parft^iwal toy a laaotaly contxollad iwwwiart 
vahicla« Mtar tmtflmmM^ tha pilot parfianna an BOkiiiaca 
ha raoDMa a raadily a c caa ai bla cow Whidi than alloua aa^ 
acoaaa to IRM* halim fill ani unt Una taoyexiat oum a cUJia 
and tha alaetrioal ajm a cloi %«iidh oontzola tha GxyogpMic 
valw opantifln. Ha atta Aaa tha aLactxonic control panal 
and liquid haliw fill and vut lima ani thi aanttaa tha 
prooadwa to hagin txanatering liquid haliia fitom tha S)paoa 
Qniiaar tartca into tha XMB oain cryogm tank. Mi aatiaata* 
froB praviflua <|ro u n fl feaaad and ii i KM l iLt ajipai'ianoa» to cool 
tiM XRMS* qptiCB, ditMtocs, «A via cryegm tank from its 
octitaL «*i«nt tflVKatim ( Aoiit 13GK) to npttflnid 
hBUw (8£Bb) tavmtura {ttoat 2K) miag oold teliwi 
l^lff^a^f f n«y*i<i f^i^ii^ ^ waold taqpiin 30 to 40 tarn* 

Mi mild alao pvaCar to £LU JSM with a^parOuid hftUia 
. tatliar tian with nocBal UtgOd baUua ao «a oui uOm 
advantaga of tte iaenaaad 00OU119 oi^aeity of a tail tanJc of 
Sffia far an iiii laaart cgaratlcnal liiitifls. If XSW* tadcs 
wna filladwith aonal baUia %«a thm vanbad to oadL 
to tha aK^parful^d atata# %fli aatiaata a 7 ioQotl& oparational 
llflafi— lAiId toa adiiavabla i*iaraaa a a^pacfluid fill %oa]d 
caaolit in m aatiaatad 10 flontli oparatinnai lifatiaa. 

Mfcar ecyogm -iiilMiK—ii , iha pilot xatuaoaa tlia eeyopaiie 
noUBld aid viLvm to tha opKatienal confi||Mrairian> 
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illiiiiiwiii TtM nil ir'~*ni — r-; irr" 

nUmm to tte SgaoB Qeamc* tiiin dtmgm' "aOOitM to 
. Htm to.«Hrth.4Biii'«]flpSM^ %ay'l».«jaela.ji»;ift^ en ''. 
taita aid'fatfljcni^ 

Tte ■iil|jB«iii nqoind to te CKiiad ly tte Jb||iq»::€^^ 
ftOB an to 1MB would fiU 1000 flMc tot 

vcduM of daout 10 ft. toy 10 ft. fey 10 ft. ia — tinrwil otiap 
on piylaad aafl %oi ld c oaoit of fiU and vmtt ooBMCtion 

2000 litHES of liqpiid *tt1t*T* 



SOMMOft 

Mi iMvo jiwitoa « oonoqpt to en ecbit vqpair mA 
loftnlii rt—nt of inepKOtiwi ti ^ ^l littt ty tto^fllpwo QniiMr. 
fm • nrwrlftf eoovilo* m» teliowt that ou<alii t ripl^ nirt wht 
of tte dqplotad Uftovod Jlottonaricol SMOllito (IMS) Uqoid 
teliin emo9M ty tta:fl|poa Qeniaor with atsip en^ mrlooda - ^ 
and ElOi fey ttai pilot is , flnoibteiwA dMinbU. . This 
roflaebiilini is of gmnd, aounl^o tcal tetawt and IMXR 
to FIR asttenoHioaL intarwt : to taiia intarnat tonal progtanu 
Ite 9|pBoa'QnaiiBer appaan oBtqaaly aiiitad to ^thia aftot dua 
to tte hich altituda, hi^ ineltnation iRlis oclalt not 
adhiawabla fey tte Staittla and tte gagMii wni to an EW^ to 
parflani tte nata* UspaJd teUun tnnato and oonfecol* and 
dmta of tte Sjpaoa Qndaar to 1MB. 
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Task Title: 



STAR Configuration Changes 



Vou^hc Mfssiles and Advanced Prcgrar.s Ofvisicn 
Post Office Box 225907 
Oallast Texas 75253 



TBO 



Principal Investis^tor:^ 
"Focal Point; '^^^ 'C:'S> TgTlsyDr^'^rT; Pdrter 



Beneficiary Categories': '"TPl ease rank top five) 

Industry 

X Cccasercial I 

Laboratory X 

X Military L- 

Govemirent 

International 

Insurers/ Investors 

Other 



Science 

Technology 

Aircraft 

Spaccplancs 

Satellites 

Space Station 

Other Vehicles 



Brief Task Description: (please include cortolete description on last page) 

Determinat ion of the altitude conditions for Mrh pv»ri>mi>1y largo 
"strao-on" winos are usfeful for manguvers, 



Key Results Desired; Validate the benefits of lightweight "strap^n" winos 
for the STAR vehicle^ Determine the mln/max altitudes for a "Space Olider". 



Potential Value/Benefits: Minimal energy maneuvers In rarefied atroosphere. 
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(St3rt/Ccr?leticn/-:ey ?h3scs/::irser of Flights/ Scftoiuli? Sen$;:rv::y/c:c.) 
TBD - : « 



Task Subject Categories: (Please identify those relevant and clarify where 

helpful) 



Kan in space 

Internal payloads 

External Payloads 

Vehicular systein/subsystec;/ 
conq)onents 

Controls/displays 

Life Support 

Aerothermodynami cs 

Materials 



Structures 

Space operations 

Flight support 

Flight contra l/corrmand 

Launch 

Recovery 

Phenomnology 

Other 



Flight Profile or Parameters During the Experiments; Altitude. Reynold's 
Number. Wino Arca/Shape > Effect of Heating and Focusing of sun through 

-sdsa* — r ' 

Any Critical or Unusual Handling/Support Reouirements: EVA reouired 
for assembly^ • ^ 



Consnents Relative to Doing Task Without the STAR Research Vehicle:, 
Not possibl e - I.e. task Is specific to a STAR^tvoe vehicle. 



APPENDIX C 



TITAN TURBOPUHP CONVERSION 

The following discussion revlows tite apparent functional and envtronmemal 
considerations of converting Titan m T-3»D turbopumps from amMent temperature 
propellants to the cryogenic propellents liquid oxygen and liquid propane. TMtn 
operating conditions (see Table C-1) are used as operatii« conditions where factors 
concerning performance or stress are concerned. This discusdon is derived from Aefofet 
Tech Systems Memo No. 9735s 057t 9 JOiy i98i 

OOLGOOLER 

Current oil lubricated turbopump gearboxes employ Aerozine 50 tapped from the 
pump discharge housing as a coolant. Heat transfer takes place in a multipass shell and 
tube heat exchanger that is directly flanged to the oU reservoir. The use of propane 
(- 42?P) would result in unacceptably high viscosities if not ftaezing of the Mn^U78p8 oiU 
If this fuel were to be considered as a coolant, it would have to be warmed elsewhere In 
the engine or have its flow regulated as a function of sensing oil exit temperature in order 
to avoid high viscosity or fuzing. 

AUTOGENOUS PRESSURIZATION SYSTEM 

Fuel and oxidizer propellant tanks are pressurized by cooled turbine gas and 
vaporized oxidizer respectively. A change to propane and oxygen would probably 
necessitate the redesign of the hot gas (fuel rich) cooler and oxidizer vaporizer. Thebasic 
system is believed to be chemically compatible with cryogenic propellants but may 
require some bleed-in changes to account for the potential shift from gas to liquid phase 
during start-up. 

GENERAL TEMPERATURE OONSnXRATIONS 

A change from ambient temperature propellants to cryogenic will necessitate a 
review of part fits and running clearances. The problem will probably require a slight 
change to be made where parts of significantly different coefficients of expansion exist 
adjacent to one anotiier. Examples of this are the aluminum impeUer to gearbox shaft fit, 
stainless steel liners in aluminum parts and impeller clearance. 
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TABLEC-l 

ilSSIMD mAN m TIlUOIIilClllinY OIVRATM OOMI^^ 



phokllants 



NTTROGEN 
-RTRAOXlDe/ 
AEROZINE-50 



OXYGEN/ 
PROPANE 



TYPE 




FUEL 
01 


OX 


FUEL 

870 


OX 


RopeUant 


r«F 


CO 


60 


•42 


-297 




rpm 




S,%97 


10,716 


9,756 


Flow Rate 


gpm 


2,*81 


2,S92 


2,510 


3,«%5 


Head Rise 


ft 


3,275 


1,758 


%,877 


2,337' 


Suction Rressu 


repsia 


3«(3) 
36(1) 


86(3) 
119(1) 


«0(2) 


64(2) 


VS^por Rressun 


^psia 


1.S5 


10.2 


15. 


15. 




hp 


2,730 


2,506 


2,629 


3,149 


ft2/N> 


gpm/rpfii 


0.257 


0.3% 


0.234 


0.345 


NPSH 


It 


SI 


116 


99 


99 


Fluid Density Ib/ft^ 


56.62 


90.84 


36.3 


71.3 




nurepda 


1,35« 


1,189 


1,269 


1,221 


Percent (Q/N) 




100 


100 


91 


104 



(1) Maximum flight values 

(2) Minimum required to meet assumed operating conditions at a maximum turbine 
speed of 28,000 rpm 

(3) Nominal engine balance conditions 
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Ute of gyoguUc propellants will nece <ti t > te a review of propeUant fa k e d i n echedule 
aiidheettramfer phenomena* A portion of fluid pasnge waU lieat wiU be given up to the 
cryogenic prapellant as it is initially bled In, dianging it from a suboooled liquid loagM« 
The two phase mixture resulting will limit weight flow rate to values less than neat liquid 
md thus wiU require longer b l e ed In times. Lower density of the vapor raises mixture 
velocities creating greater fluid friction l o s i et . if the pressure ratio in the line is 
sufflcienty sonic dioUng of the two phase mixture can occur due to the soni^ 
mixture beifv lower than either the liquid or gM sonic velocities alone. 

An additional pheno m ena is the time to stabilize the turbo madiiiery temperatures 
to the degree that unsymmetrical parts bind, rub or otherwise cause deviant per f orm an ce. 
Most sensitive would be close clearance parts such as bearingSf seals and thrust balancers. 

VENIING 

Vesseb with cryogenic fluids must liy definition be vented to the atmosphere to keep 
them from overpressurizing the container. A vessel with a number of small passages will 
tend to generate vapor due to heat conducted from the warmer outdde wall. Ihese small 
passages may then collect vapor in podcets where perhaps none is desired. Such pockets 
must then be Individually vented in addition to the main propellent tanic. 

One method to avoid podcet venting is to circulate the cryogenic fluid by a separate 
pump. This may be the main pumpt boost pump or a specifically dedica t ed circulation 
pump. 

OPP-DESIGN PERFORMANCE 

Use of Titan m pumps to meet the pressure flow requirements of an oxygen/propane 
fueled engine will require one or more of the pumps and/or turUne to be o p erat e d off « 
design* Pressures and flow rates otSier than the orlgbial values wm cause the rotm 
these co m pone nts to sustain larger raiBal and/or axial thrusts or pressures than they were 
designed for. To obtain a feel for the magnitude of the p er f orm an ce shift Table C>1 
compares operating conditions of an oxygen/propane flow parameters to the Titan First 
Stage XLR^-A3-3 turbopump. A maximum turbine speed of 28,000 rpm was assumed to 
assess the upper speed capability of the current design. A speed of 27,500 rpm has been 
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demonstrated as poesiUe without cttadyemic failure atthomh some parts were in distress 
as reported in Aerojet Report 009jLP025.l9 31 My 1971. The major areas of concern an 
noted Mefly In the following paragraphs. 



The potential for mechanical changes may quickly be assessed by determlnb^ the 
percent deviation from the ^^lominal engine balance" (NEB) flow rate to speed ratio 
conditions. Operation beyond ^ 23% of the NEB flow rate to speed ratio can be 
consi dere d to almost guarantee that some redesign will be required for structural or 
mechanical reasons in order to obtain the same degree of life and/or reliability from the 
turbopump. The pumps for oxygen/propane era less than 10 percent of NEB fICMr rate to 
speed ratios. 

The M psia suction pressure required fbr the propane pump Is sUg^y greater than 
the maximum experienced in the original Titan II flight service. Should this raise a stress 
problem It can be easily rectified by increasing the suction berrel wall thldmesi. 



The discharge pressure of the oxidlaer pump of the oxygsn/jpropane entfiie is a few 
percent over the nominal NEB pressure but would probably not cause a stress problem by 
itself. The sub^ambient propellant temperatures could cause the aluminum pump housings 
to be deficient in elongation. However* this problem might be rectified by a change In 
materialy designt heat treatment procedures or a conMnation of the three. 

to summary* the pumps will probably require some changest however, they are not 
considered major redesign. 

GEASBOX 

The gearbox might require some modification to a ccom oda te the 26 percent 
additional power required of the oxygen pump of the oxygen/propane case. Ve know the 
gear set can take the power short term, but life would have to be confirmed bf test lor a 
much longer duration than the demo ns trated, 193 seconds (1). 

The gearbox will definitely require some sort of thermal isolatkm from the cryogenic 
propeilants. For short durations isolation by low conductivity material can help reduce 
the heet loss to the colder pumps. Titan I practice empi^fed the use of electric 
resistance heatera as a heat source for long holding durations. 
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Ihe ttsbine power re^iired for the oxyscn/^ropm Is 110 pcroanc «f de^vk Ihb 
power results in turbine inlet pressures «f MO psi« lor an inlet tempersture of 2mpR. 
Because this temperature is 110°F less than the original, there is believed to be little 
problem in converting the Titan m turbine. The original TltM in twWne biiet dadyi 
pressure b XX) psia* 
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APremxD 

AHMtEVIATIOHS AND ACRYONYMS 



ACE • Attitude Cdntrol ^stem 

AGE - Aaro sp > ce Ground Equipment 

ALV - Airborne Uundi Vehide 

AMD - Ile a dqu i rterj Aerospace Medical Division (APSC) 

AMST - Advanced MiUtary Space Technology 

AOTV • AerobraidngOTY 

AS) • Aeronautical Systems IMvision 

APU - Auxiliary Power Uhit 

C/C « Carbon-Carbon 

OG • Center of Gravity 

COTV . CargoOTV 

DARPA • Defense Advanced Research Projects Agency 

DDTtt ^ I>esignf Development, Test and Engineering 

DNA - Defense Nuclear Agency 

DoD « Department of Defense 

ELINT • Electronic-Inteliigenoe 

EC/LSS • Environmental Control and Life Support System 

ELV • Expendable Launch Vehicle 

EML - Electromagnetically Launched 

EMP • Electromagpietic Aiise 

EMU • Extravehicular Maneuverability Unit 

EVA • Extravehicular Activity 

GFE • Government Furnished Equipment 

GPi - Global Positioning Satellite 

GX • Acceleration in the x direction 

HAL - Combined system of heads-up display, voice recognition «d synthesis. 

Audio-visual and Logistics 

IRAS ^ Infrared Astronomical Satellite 

Ihf - pounds force 
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LCC 


Life cycle costs 


WD 


Uft-to-Drag Ratio 


LDEF 


Long Duration Exposure Facility 


LEO 


Low earth orbit 


LV 


Launch Vehicle 


MOTV 


Manned OTV 


MRRV 


Maneuvering Reentry Research Vehicle 


MTBF 


Mean-time-betwecn-failure 


NEB 


Nominal Engine Baianoe 


OMS 


Orbital Maneuvering System 


ORU 


Orbital Replacement Unit 


OTV 


Orbital Transfer Vehicle 


PCS 


Plug-Cluster-'Engine 


PHOTINT - 


Fhoto-bitelligence 


psi 


pounds per square Inch 


RdcD 


Research and Development 


RMS 


Remote Manipulator System 


ROM 


Rough Order of Magnitude 


SDI 


Strategic Defense biitiative 


SFO 


Space Flight Operations 


SLRV 


Shuttle Launched Research Vdiide 


sip 


Spaceplane 


STAR 


Spaeeplane Technology and Research 


STS 


Space Transportation System 


TCA 


Terminal Crossing Angle 


TPS 


Thermal Protective System 


TSE 


Testing Support Eipiipment 


TAV 


Transatmospheric Vehicle 
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